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QUANTA CHEMISTRY CLASSES 
An institute of Chemical Sciences 


ATOMIC STRUCTURE 
AND QUANTUM 


HINTS & SOLUTIONS 
GATE 2005 


. coca 12 . MEX. . 
l. The set of eigen function is ,/— sin —— is normalized. 
a a 
512. nux |2 . шх 
| Sm ин dx = > normalized ifn = 1 
AE! a Va a 
512. nx |2 . 2лх 
AE! a Va a 


Correct option is (c) 
2 eax? (a > 0) 


(1) Continuous (2) е” 


© 
-е = 00): 
X =00 


It is not normalized 
Correct option 1s (с) 
+оо 1/4 Вх? 1/4 px? 1/2 +00 
=— = 2 
3. w= | Я] gue £) Е В а-ы 
MNT T T 22 
x'—n-even, +0 
хп = n = odd, Yz0 
0) - 
ДЕ, 0 
Correct option is (d) 
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1 3/2 Y | гоа, 
4. Ya = W200 д, [эт do [ =]. 


For radial noe total function = 0 


1 3/2 r ЕТИ r 
ap lq е9 =0>|q-—|=0>r=2a 
4/2л ° | Е | 3 : 


Correct option is (c) 


"rou 
5.(5,6) (a) | 


«+В M 


(a — 28) -a=-2B8 =—2 х 75 kJ/mole = 150 kJ 
Correct option is (a) 


(b) Cyclobutadiene 


el C? 
Matrix [4 x 4] 
с С? 
% СУ >», С, о-Е В 0 В 
ұз” C4 С, В (-Е В 0 
Ф. С, C4 C, > 0 В QUSE p 
Са Cy Са С, В 0 В о-Е 
x 1 0 1 
1 x 1 0 г a-E 
— |0 1 x || = DX a 
101 x 


=> x[x(x?- 1) -1(х-0)-П-И (х2-1)-1(0-11-Ц(1-0)-х(0-х)“1(0-11|-0 
=> x[x?—x—x]-l[x?-1+1]-[1+x’?-1]=0 ->х4-2х2-х2-х2- 0 
=> х4-4х2- 0 
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о-2р 


AA _ 1, 


— БЕН a+2ß 


=> x (x+2)(x-2)=0; 


. х=0, х=0 (two energy level) and x = + 2, x =—2 
ВЕСЕ =a, E, =a, E = а-ар 
Linked Answer Q. 5 (a) and Q. 6 (b): 


The orbital y = 15, —Is,,, of water belongs to В, irreducible representation 


Correct option is (b) 

GATE 2006 
IV|— 928 
Ш|-- — o-2p 


II Ar Л sop 
I =» 


Transition from I to IV = |-4D|; Transition from I to Ш-»1-30) 
Transition from II to П |-2p|; Transition from II to IV > |-3p| 
So, В 15 not occur in upper transition 


Correct option 1s (d) 


Hj -ES, Hi -ES, 
H,, - Е5, Н,, -ES, 


13.6 13.6 
H, — я + EST H| Ж, +Ф,,)= PEN УЫ 
4 9 
13.6 13.6 
H,, = x M Е ben H| Y -Ф,,) RIDENS CN 
4 9 
13.6 13.6 
Hn ЕСЕ А H| Y, +Y) =-=- 
4 9 
5,-5,- ОР,-?,|Ғ,-Ф,)-1-1-05,-(Р,-%,|%,-Ф,)-141-2 
$,- (V, -Y,|VT,-Y,) =1+1=2 
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3.4(1+4)2-Е 34(-4/9)/2 
3.4(1-4/9)/2 3.4(1-4/9)2—E 


Correct option is (a) 
2 2 2 
i S gga "INL SG р че. d y 
' dx dx dx dx | dx dx ах” dx /4х 


Es | d ЭГ Ти” ыг 


-- -2-- —~+— |—; + = = 
> dx | dx? dx dx? dx} ах’ dx? dx? dx? 
Commute each other. 
11. For a particle in a box from —a to + a, 

Wave function is 

1. (алх 
У (х)=,|-зш| —— 

2а 


For the excited state, n = 2. Then 


Y= ШЕ 
а а 


Correct option is (b) 
f |l. nx LAN nk 
12. | —sin — 6(x -a/2),|— sin — dx 
цаг а а а 


From dirac-delta property 


X _ 24 0->х Ч 
2 2 
х lie under limit 


So, not need to solve integrity, 


1. ла |1. ла 1 1 
=sin —- —sin—--—xlx1-— 
a a Va a a a 


Correct option is (с) 
GATE 2007 
13. E=hv 
Е 1 
hec 
у s 


Eor о force х distance 
= mass Х acceleration х distance 


=kg x ms? x m 
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kg m/s? 
Unit ofh = ——— -kgm?s! 
S 


Dimension ofh is МІ2Т" 
Correct option 1$ (b) 
14. Energy order of molecular orbital be given as 


lo, «10, «20, «20, «3o, «l(n, =л,) < (л, - n; ) «30; 


Correct option is (d) 
13.6 )' 13.6х(1.84)? 13.6х1.84х1.84 
ш = = = 
п 9 9 
Correct option is (с) 


2n 


2n 2n 
* т = 1, р pr. 
= | w; Ну, dT = | ——e"*pcoso—— e ""d$ = — | cos раф = —[sin.o]," 
16. AE [+ y | рсовф-т-е "ад 2 pdb = 2 [sind]; 


= Р [sin2z-sin0]- a 0-0 
2л 2л 


Correct option is (а) 


r2 . DTX 2 . плх 
17. NES (rx) |? sin ax 


Zom -] sin oos Sax (-n){ SE JJ 2sin cos Man 
L л L- LL n^ L L 
Ч, | E [sin тт ақ Ее RE cos 2 =" (Cos 2x — cosO][1- 1] - 0 
L TJS L tL 2л а |, 2a 
Correct option is (a) 
*h* 2 nh h h 
АР, =,/(P?)-(P,) 2| 5 ——)-(0) =— n-1-— ¢=a=— 
Correct option is (c) 


GATE 2008 


19. At = 1079 s 


AEAt > td 
- 4л 
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20. 


PAN 


22: 


23. 


24. 


UN ЦАП 6.63x10 "JS 
4nxAt 4x3.14x107°S 
leV = 1.6 х 10°°J 


_ 6.63 х10 “eV _ 6.63x10 “eV 
4x3.14x107? x1.6x10^? 4x3.14x16 
6.63х107 

= 20096 = 0.32 x 10° eV = 3.2 x 10% eV 

Correct option is (b) 


V = 0-89 convatent + 9-45 Y ionic 

Chance that both electron of the bond will be found on the same atom means ionic bond found 0.45y 
(0.45)? = 20.25 

0.2025 x 100 = 20 


ionic 


Correct option is (b) 
Electronic energy =—0.5n? 
for He z=2 =-0.5 x4=-2.0 
Correct option is (c) 
а/ 10° mtr 
= |2—|x100=|2 = g = -4 
% charge | ? | 10 mt x 100 = 2 х 10° x 10022 х 10 
Correct option is (a) 
мее 
ах ү ах Ч ах Ы 

ду а !! dy dy d 

—— — — (ny); - + 
pn > ") "ақ E dx Nu 


d d III 
[x E cx уу-у -y =-1y e 00:00) 


Correct option is (c) 


h E 4 1/2 " 28 
x: 2тефрт 19 >a = J2me pm 


NE (6.6х1079) 
97 Jme(pm) | 2x9.1x10 ^ x 6x10 x10 “пигх10 "mtr 


6.6x107* х6.6х107 J. sec x J sec 6.6x 6.6 
ее EA А 1065 x 10% 
2x9.1x10^ x1.6x10 "x10 ^x10 2x9.1x16 
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4 

_ 66х66 «10° = 356 

2х91х16 2912 


Correct option 15 (b) 


GATE 2009 


25. Lowest energy equal to zero for a rigid rotor 
E=BJ J+ 1) Ј=0,1,23 --- 


х 10°= 1.5 x 10° eV 


1-0 

E=Bx0(0+1) 

E=0 

Correct option is (b) 

26. 12h?/8mP (222) 

1162/81 п = (311) (131) (113) 

9h?/8mP п = (221) (122) (212) 

6h?/8ml? п = (211) (121) (112) 

362/812 n =1,п =1,п,= 1 
_ E (n2, n], п?) 3n? 

Ground state energy = (1 1 1) яар ac 


4x3h? 12h? _ (n2n7n7)h? (22 %27 -2'n 


sm? 8шГ | 8ml? тї? 


(n,n,n)-222— degeneracy - 1 


4 times energy of ground state — 


Correct option is (c) 
h h 
zh А Р mv 
6.63х10718 Л 6.63x10^* _ 6.63 


4x6:023x10? x1000m/s 4x6.023 x10? 24.092 


Ё 6.63x10™ J.S Кет 6.63х1074х1074 


© 4x1.67x107 x1000 S 4x1.67 
6.63х1077 
20225524 т=99.25 х 10-2 mtr = 0.99 x 10-0 m 
6.68 
Correct option is (а) 
GATE 2010 
2 c AmEY p ox 
28. Фут [= |= АТ [normalised] 
0 
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b 
| mx 2. DIK 
дули Чт = | sin — > | sin dx =0 rth 1 
| ai | b b b b [orthogonal] 


Correct option is (c) 
29. [x° P] => [x P]5xiġ x" 
зр сыныс 3xih i 3x"ih —3х?Л 
xdi TRAN 2n i 2л 7 | 2ni 
пй? 
: E-h E- 
30 у Smb? 
yn Dy 
p- 0% p- © 
1 8mb 8mb 
n т 
Е-Е Smb? (9-1) 2 B cB mb? 
he h 
= У = 
һу mb? =» mb? 


Correct option is (c) 


| Atomic Structure & Quantum Chemistry (Sol.) 


GATE 2011 


ax? 


31. y-Nxe? 


dy -ах2/2 ыг зах /2 т. 2 1 
—--Nxew “+Мхе (ах) = Ме“ & – ах > х= + = 
~ (сах) [i-a] Л 
Further differentiation, 


Ri =Nexp =) (—2ах) + (1-ах?); E Ез 


ах? 


Ne 2 [-2ax * (1- x^)(-ax)] = Ne "[-3ax 4 a?x?] 
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- | -3 faa | 24a 
= ме Hh) oy VII] 


Hence, one maxima and one minima. 


«0 (maximum) 


Correct option 1$ (b) 


32. | Fromvaraation principle, if we are used an arbitary wave function and calculate the energy ofa quantum mechanical 
system the value calculated is never less than the true energy. This principle used for the validity of function. 


Еф > E, 
Where, Еф = energy calculated 
E, — energy system. 


Correct option is (b) 
22, Forone elimensional box 
TX 
Y —Asin — 
a 
2 | | 2. 
A= 4|— for one dimensional box normalisation constant 
a 
а= 200 пт 
2 1 1 
- = = — = 0.1(nm) ы 
А= 200 0 ./i00nm 10m) oR) 
Correct option is (d) 
GATE 2012 
34. | From Heisenberg uncertainty principle 
АхАР, > ud 
4n 
\ h 
In y coordinate, Ay APy > 5 
Correct option is (d) 
35. Selection rules for electronic transition for diatomic molecules are 
AS -0,А2-0,-1 
gu allowed 
+++ allowed 
Correct option is (c) 
36. Angular part (у, (0 )) ос sin? 0 сов0 e” 
Compare with e"? 
m=2 
Function is ‘f’ orbital 1-3 
(-3 m=2 
Correct option is (с) 
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37. Since the co-molecule is oriented along the z-axis, combination of $? and ф? result in the formation of o 


donating orbitals while combination of either ф and ф or ф and ф° result in the formation of x bonding 
orbital. 
The wave function of x bonding molecular orbital 


офі + сф, 
Correct option is (d) 


38. [Nwv*dT-1 


N? | (2x? —1)(2х? - De? e™ Зах =1 


№ | [ан E |а 
ЗА a b 2 


I= 4| x‘ e" dx = LS е е dx 


--00 


ТЭ?” 1 45/2 ЕНЕ, 


pee qu qe 2 


1% _ = 


І, = [xe ax eas е * dx =2. 2 0» 


M32 _ E 


EE. бакет dx = 4х 2х 2 07 E 


--00 


№ 3-2 += |=1 > №(2\)=1 = “-55| 


Correct option is (с) 


2 


1 3 
39. СН,-СН-СН, 


Secular determine 
€; Сб Сб Hi ш ES, Hi -ES, Н, -ES, 
с С) ©з Н,-Е5, Hj4-ES, Hj-ES, 
©з, C32 C34 H,-ES, H4-ES, Н, –Еѕ,, 
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40. 


H =a 
о = E В 0 H, = B 
B а-Е ТЕ 
0 -Е 
P j 5, -0 
Correct option is (а) 
Possible value of E 


о-Е В 0 
В 9-Е В | dividedbyß 


WES d 0 

p 

1 a-E 1 Gok 

B А let =х 40) 
0 1 Meum 
p 

х 1 0 
1 х l solve the determinant. 
01 x 


x(x?-1)-1(x-0)*0 
х(х2– 1) – 1 (х0) "Өз х=0 
x’ х х = ХЮ = (х = t5 


x(x? \2) 50 


Put value of *x' in equation (1) 


E-oa;E-a- 4/28; Е-о-,2В 


Correct option is (а) 


GATE 2013 


A trial wave function that can be expressed as a linear combination of2 variational parameter leads to variational 


4]. 


42. 


minimum energy E, « E, « E, 

Correct option is (c) 

Н, + dissociation energy = 2 В atom 
—31.7eV + dissociation energy = 2 х (-13.6) 
Dissociation energy = + 31.7 – 27.2 =4.5 
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43. 


Н-Н--эн, 


Y 1 
-13.6eV -317еУ 


dissociation energy оҒН, 
H,—>H+H 
Correct option is (4.5) 


Eigen function e2* 


d 2 
—- -16x 
Operator | di | 


For eigen value function operate by operator 


d 2 | —2х? d? 2 2 

—— —]16x e Ts —2х E 2 -2x* 
5 | 2542 е 16x'e 
88 df 16x?e ?* ——4——xe?* —l6x'e 2 


-4 х е (-4х) + е” | -16х2 е? -16Х e?* 


Eigenvalue =—4 
Correct option is (b) 


GATE 2014 


44. 


45. 


The value of тадпейсацатит number of р, orbitial is undefined first of all fix the direction of applied magnetic 
field. Then decide the value of magnetic quantum number. 


Correct options (d) 


№, "№, = UM UAM cos 0 


Vi V, 
= 2 2 
cos 0 "n у. | 
0.12х 0.124, луз; + 0.63 х 0.63%, s, %(0.77х-0.77)у,,,:У;», 
cos Ө = 


((0.12) + (+0.63)° + (0.77)? (0.12) + (—0.63)° + (-0.77)? 


(0.12x:0.12) +(0.63х —0.63) + (0.77 x 0.77) 


оз \(0.12)* + (+0.63)? +(0.77)2 0.0144 + 0.3969 + 0.5920 


—0.9754 
J1.0042 4/1.0042 


= 0.0144 — 0.3969 — 0.5929 = 
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—0.9754 
1.1 
Ө = соз! (-0.9754)- 179 


cos Ө = cos 0 =-0.9754 


GATE 2015 


er => E 2 арг 
Ох 


с ox? Ox Ox 
> =) 2% => f (-ik)-ik)e "^ > к?л? 


Correct option 1$ (a) 


4T. 

> 

Х--» 
It is an acceptable wavefunction because function is single valued and continuous. 
Correct option 1s (d) 
wh? (1): ж h? 
48. Е = Е, Э2:-225Ё м 
п 806 811(0.2) mn 8x9.1x10~ kgx0.2x0.2x10 ^ mtrx10 mtr 
ШЕ 


= Zo 1x10 kgx2x2x10?mtrx10?mtr 


n. | 1 1 
Е-Е, 8x9.1x10? kg x10 mtr? 0.04 4 


6.63x6.63x10 ^J Sx107JS E 1 


Е-Е, $Sx9dxl07kgxl0 "mt? | 4 4 


6.63х6.63х10715х107415 „99 
жа 8x9.1x10?'kgx10 ^mt 4 
E, - E, = 896 
Correct option 16 (896 to 900) 
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GATE 2016 


49. Linear momentum = p, hs 


pe —ikx 0 
= Ox" Ox 


=> -40(4К) е1) 
> ixifike'*—-Ake 
eigenvalue (Ak) 


0 
ДЕ Е -ікх 
(-№х) => 1h (-ik)e Ox 


Correct option 1$ (d) 


En > –13.6(2)? 
(1) 


50. Energy for He atom --13.6(4) 


Їр. hydrogen = 13.6 V 

Їр. Hecting = 24.6 eV 

growing state for He =-14(13.6)- 24.6 
Correct option is (b) 


51. 


П 


UL 
2 
Probability |. d 
Е, 


More y region more probability, (P) П>Ш > I 
Correct option is (b) 


GATE 2017 


52. Ғогогћо hydrogen, 
Nuclear wave function — symmetric 
Rotational quantum number — symmetric > odd 
Correct option is (b) 


53 E nu Ё 2n 
| L’ А 
2л nm. ‚_ 2 
А, L' n 
Correct option is (a) 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 


Contact Us : 9990382567, 9717373074, 8285815185 


QUANTA CHEMISTRY CLASSES | Atomic Structure & Quantum Chemistry (Sol.) 


54. 


55. 


56. 


57. 


1 
Lowest energy іп simple harmonic oscillator is 5 hv 


1 
= | п+— v 
Е, | 3 


7 5 3 1 1 
—hv =3: —hv =2: —hv = 1:—Лу -(:-ЙУ- -І 
5 -» 1-3, 2 >n=2; 2 >n 155 —n 035 300cm 


3 1 
E,= ~ -3х Т —3 x 300 cm! = 900 cm! 


Correct answer is (900) 


16һ,/8 ті — n=4 
9h 8m? ———4—— 1-3 
4h,/8ml’ ——————————— п=2 
h,/8ml — ———— п = 1 


(4h)  Qhy 


Ав- | 
ётё? &8m/ 


£=0.70 nm 


3xh? he 7h? hex 8mZ? 8xmx/?xc 
= 2 тэнэх 7D AR Cf >is 
8m/ А 8ml 7h 7xh 


hv 


_ 8x9.1x10?! х3х10%т/8х0.70х107х0.70х10” 
7x6.63x107*J /s 
Correct answer 18(225 to 240) 


—2.3.07 3107 m = 230.7 nm 


т/ 2х2 4 
сов 0 WTR 2+) ~ № 
CÓ 
0 = cos 46 — 33.60 to 36.90 


Correct answer 1s (33.60 to 36.90) 


«HG 


for normalized 


«a -во+ Б] -во+1 екол о? 
2 , 43 ? 3 ? 3? 3 


ЗЭЭ ЭЭ тет 


Correct answer is (0.81) 
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GATE 2018 


58 12-1-1-1 (i) 


L= J4(£ 4-1) -h; І, = mh 


From eqation (1), 
12-12-11 +12; (JEDA) -(my- +12 
2 х y? $ x y 


-((041)2-ш208 => (44-1) - m)? 


Correct option is (a) 


1 1l ; ; 
59. [a,a]= Ja gU РУК PY 


- (х+їр„)(х —їр)у —(х —1р„)(х ipw] 
2 


= [(x +їр,)(ху -ip y) - (x -ip,)(xv + ips] 


= x'y-ixp,v tip, (xy) -Пруу ху —ixp, y+ ip, (xy) кірду 


= хау -ipy Hii (ху) - lip ху ip cei Gd) s (pw 
X X 


= x^y-ixp,y-ri(-iA) E x - v —iiphy x^v -ip, y +10) E w, v -iip?y 
х х 


x^y —ixp; V +іхр y + Ji прі —x^y —1хрлу+й + Прлу = 22 =й 


Соттесі орНоп 15 (с) 
60%  Hyo ZH 
= Energy of H-atom x 2 = Energy of H, 
= 2х(-13.6)-(-31.70) = 4.5 eV 
Correct Answer is 4.5 
61. For molecule XY if y. and y, are normalized atomic orbital for atoms X and Y 


disconnected 


у, = 0.56%, + 0.56ү, 


Y Y 
С, с, 
C? + С; +2C,C,Sxy =1 where, S = overalp integral 


(0.56)? + (0.56)? +2 x 0.56 x 0.56 x S,,=1 15,-0.59) 
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-E,/kgT 
J 


62. | Probability = 


N Q vibration 
1 
ground state 2 hv 
e 2 hvn/kBT 
—hv/k,T 
P-— 51-86 5 =1-е Р = 0.95 
е hv/2ksT 
e Pv EST 


" 1/2 | 1 ‚ К Ё 1/2 
6. ч(9-|т) ew Н) еу, ө ү = 


First order correction in ground state 


+00 1/2 400 
O_ fy а. ЕРЕШЕ 
EP = ] Wo H,w,(x)dx = 2 Ге | СҮ jo 


—o0 


V2 -2ax? 
= 1%) | е хах-0 


л 


—00+00 


Total energy corrected to first order 


1 1 k 1/2 
Е-Е = 5704 0= T9 


2 |H 
Correct option is (a) 
64. The longest wavelength absorption іп the benzene spectrum according to model 
he n > 42 
i. Ер 5 ЫН | 


А ^ ил 
hc 
X 


hxh c h 
а 73 са 
4л х 2108. Л 8лтВ 


LEE NM 
A 8п?шВ” 
БЕЛТАЛЕ: — 66xlO]-sex3 O 
E 1, — 8x3.14x3.14x9.1x10" kg x1.4x10 mtr x1.4x10 ^ mtr 


Л” 8x3.14x3.14x9.1x10 ^?! kgx1.4x10 ? x1.4x10 ши х3х10"ш/ sec 
6.63х107“Т-весх3 

À = 212.9 x 10? mtr 

À — 212.1 nm 
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GATE 2019 


65.Sol. w(x) = sin кхе 
(уу) = | w*ydx 
=f" sin? kxdx 
(Р)-2 


Р Iv) =—1Й — [sin kxe?" | 


Vx 
= ih | (Bik) sin кхе?* + К cos кхе? | 
= -ih[(Gik)sin kx > (К) cos kx]e?* 


(py МИРУ 


(ү Гу) 


| sin kxe 19 (Cin[(ik)sin kx + (К) cos kx e" dx 


17217) 


-ih | (3ik) sin? kxdx +(К) | sin kx cos kxdx 
| sin? kxdx 


oo 


(зік) | sin? kxdx | sin? kxdx 
k 


=-їй| — = i = 
| sin? kxdx | sin? kxdx 


= (ih) (ik) = ЗАК 
(P) = 3k 


66.Sol. Length of box is 2a, between limits —а to a 
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AH = V’ = Сх 
Wavefunction for 1st excited state for such a system is 


1st order correction would be 


AE = Пу; АНу;4х 


(а ihS, | а) = 12а | Ыш n 


>  ih(a|S,|a) - ina 

ЕТІ ) 5 
1:50 | 

т (о | T la ) 2 іл?а 

Л 

ih? м ој 

о] = Ра 

2 |0 —1||0 


1 
-(И-а 
2 
1 
а =— 
2 
а = 0.5 


68.501. W, = 6.5 x 1014 rad s! = 10.35 x 1013 sec! 
W, = 3.25 x 101^ rad s~! = 5.175 x 1013 sec! 


Energy of ground state in sec! 


1 1 
E99) =| O+= |v, + 0+ |у 
ө На ВЭ) 
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13 —1 
= 25.875х10” sec 


Wavelength required for transition is equal to energy difference between two states, 
AE = 25.875х10'° —15.525x10" 
АЕ-10.35х107 sec! 

inm’ д =2.89х10 бт 


=2.9х10 бт 
САТЕ 2020 
69.Sol.: VY, = 0.372 b, + 0.6020, - 0.6026, + 0.37ф, 


9976 [LA > BMO 
TATAY Nul 


Ч, = 0.6020, 0.3720, — 0.3720, — 0.6020, 


7900) во 
КК а ® ВМО 


Ф, = 0.602, — 0.3726, —0.372ф, “0.6020, 


eo sU. 
AG Ot) ее) АВМО 


V, —.0.3726, — 0.6026, “0.6020; — 0.3720, 


C] (*) C) —> No overlap 


TAA А -»- АВМО 


Butadiene have 4л electron 


Y; -- 
У; — 
p.d 
y, 4 
Lowest unoccupied л-шо!есшаг orbital is V, 
Correct option 15 (a) 
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70Sol.: Radial mode, Ro 0 


1 Z 3/2 2 
R =—| | |[6-2p4£- |e” 
ШЕТІ Яв а 


2271 


а, 


For hydrogen atom, (7-1) 


a ie и 4r d | 
i "ag. 5; 5 B 
943 a, а, 9а; 


2 
Жылы ан lg 
a, 9а, 


1 2p 
== a 0 
0 


2r? —18a,r+27a; =0 


r= 
2x2 


+18a, +,/108a? 
= а, 8, 


4 


N +18a, +6v3a, 
4 


ДЕ; 


2 


Correct option is (c) 


71.Sol.: Given; Trial wave function 


f -x(a-x) 0<х<а 


To find; ^ error in ground state energy of particle іп 10 box 


Also given; true ground state energy of above system is 8 
m: 


Solution for given trial wave function 


+18a, + ү/(—18а„) -4х2х27а8 


| Atomic Structure & Quantum Сһетісігу(501.) 


a? 


30 
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E st) 
№? rt d 

" 511 Jx(a x) d [x(a х) | 25 
a^ /30 


2 


2 [x(a х) = < [ха = [(а 2х) | 

4 [к@-х)] == 29) 
Put 3) in (2) 

к-2 | ж(а-х)(-2) 


0 


Solving for above integral weget 


E- Sh _ 0.126" 
Ала? ma? ... (4) 
! Ши 
ven E, = ——— 
d ^ 8 ma? 
ii? 
Е4= 0.125 2 ... (5) 
та 


Percentage error is calculates by 


. 0.1266 — 0.125 5 
0.125 


100 


Percentage error = 1.32 


GATE 2021 


72.Sol. The ****** wavelength ofan argon atom is given by 


À = — (т = mass of argon atom) 
mv 
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6.626x10 "kg m's | 


25, 30°kgx250ms | 
NA 


ТЕ 


_ 6.626х107х6.022х10%хКо m's ' 
40х10 kg x250 ms! 


A 


A =4x 107! т 
=40 х 10"! т 
=40 pm 
73 Sol. Condition for acceptable wave function: 
1. It should be single valued 
2. It can be odd or even but not necessarily are of them. 
3. It should be continoues 
Correct option are (b) and (d) 
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QUANTA CHEMISTRY CLASSES 
An institute of Chemical Sciences 


THERMODYNAMICS 
& THERMOCHEMISTRY 


GATE 2005 


In adiabatic system, q= 0 AU=w 
Hence, work is independent of path from A to B. 
Correct option s (b) 


ОР 
IL,=T| — | -P 
2. T (2) 


PŽ 21-25. 
For real gas, үт | У-5)-КТай | >т ‚ У-Ь 
Т.В 
П. = ——-P 
5о, Т У-1 


Correct option is (a) 

S-RInW 

5 = 8.314 ш2 

$25.76 J mol! 

Correct option is (d) 

4. When hydrogen adsorption on a platinum surface the entropy decreases and Gibbs free energy is negative. 
During adsorption heat released and free energy is decreases so randomness is decreases 

AH = AH - T AS 

(AG =-уе, AS = -ve} 

Correct option is (c) 
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GATE 2006 
5. Plot describing carnot cycle is 
1 
S 
T 
Correct option is (a) 
6. N, + 3H, > 2 NH3 AST, =-197 JK" 
AS? „ =—197 + 308 = 111 J K-1 AH? , = -91.8 kJ 
91800 
--1974——— == 
298 91800 J 
45°, =-197 + 308 = 111 JK" АН. = АН? 
= 97800 J 
Correct option is (d) 


7. w=-PAV 
=— 20 (10 -0.5) 2 — 20 x 9.5 
w--]190atmL 
ог |м|- 190atn L 
Correct option is (с) 

8. Above process is isothermal 
Therefore, AH = AE 
Correct option is (d) 


GATE 2007 


дЕ 
9. Chemical potential is | др. 


Correct option is (a) 

10. АТ = 75 — 15 = 60° 
у = 54 g of H,O = 3 moles of H,O 
At constant pressure, AH = q, 


q, =n Cn AT or AH = 3 x 75 x 60 = 13500 J = 13.5 kJ 


Correct option 1$ (b) 
1]. | V,-1.001 mLg' ; У = 1.0907 mLg" 
Н,О(8) = Н,О(/) 
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12. 


13. 


| Atomic Structure & Quantum Chemistry(Sol.) 


fusion __ 


dP АН 333.88 
dT TAV 273х(1.001-1.0907) 


АР _ 333.88 167 


— = = — ее —_ -1 -1. — 
dT BLOEN Ко 


Unit үр) ЇЕ 
nit o T m 
Не не таты ыы Эр ЫН ; 10% Pa=1J mL"! 
2 И т: И 10°mL ’ 
aE =— 13.634 x 10° Pa K! 
> aoo a 
Now, 1 atm = 1.01325 x 10? Pa or 
ie Boson 103 
2 10125 ^ 
dP 
=> ат =- 13.634 x 10° x 0.9869 x 10% atn К^! 
dP 
dT -- 13.455 x 10 atm K“, or 
СЕ = – 134.55 atn К^! 
qT 55 atm 
H a P nc 0.0074 atm! K 0.0074 айт" °С 
ence dT ^ 13455220 atm or —0. atm : 
Correct option is (a) 


1 4 1.1 
c .Inx, = —20 x 8.3144 —In —4 —In — 
AS, =-nR 2X, In x, E В L 


AS, „= 115.3 J K“ 
Correct option is (a) 
(1) Correct statements are 
(1) AB, ,, - hv 
(2) AE, ,, = hv 
(3) AE, ,— hv 
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Gap equally spaced 
(1) In fluorescence transition from a singlet electronic state to another singlet electronic state by absorption of 
light 


Correct option is (c) 


14. 


I3. 


GATE 2008 


Residual entropy for М.О = 5.8 ЈК"! mol" 
Number of orientations = ? 
S=RInW; W=? 

14J 


8.3 
5.8 ЈК mol! = K mol x 2.303 log, УУ: log W =0:3025 ~ 0.3010; log W = log 2 


W =2 
Correct option is (c) 
Р(У —nb) = nRT 


53157 
CS CT TAL oT М art 


Now, foran equation P(V—nb) = nRT 
or PV - P nb - nRT 
Differentiate w.r.t. T at constant Р 


(=) +0=nR 
от? 


= 

oT), P 

Again for equation, PV — Pnb - nRT 
Differentiate w.r.t T at constant V 


ЕЗ -nb ©) =nR 
OL Jy ОТ), 
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nR (nRT)nR 
V-nb P(V-nb) 


шы ЕРІ >С —C, for equation is Т. 2х 
ОТ), V-nb i P 


C, Сак: (С, — C Jaa 7 0R 


CHG. | 
20 (C, -С, мей 
Correct option is (с) 
16. а = оСАЛТ 
(а) а = 200С, (80 – 40) 
а = 8000C, 
(D а = 100С, (80 – 20) 
а = 6000С, 
(с) а = 150C, (80 – 50) 
а = 4500 С, 
(d)q = 300C, (80 – 30) 
= 15000 С, 
Correct option 15 (c) 
17. | If Ang« 0 = decrease in entropy. 
In option (a) Ang « 0 
Correct option 1$ (a) 


18. 2МО(6) + O, (g) —9 2МО, (8) 
AH = 2 х AH? (NO) —42 х ЛН? (NO) + AH? (O,)} 
AH 22x 33.2— (2 x 90.3 + 0}; AH =-114.2 kJ. 
Correct option is (c) 
P, 


2 
19. Ge iris (2) aot ri (7 )ав-кти2 
1 


Correct option 15 (a) 


GATE 2010 


20. S-klInw 
S =k In (arrangement)"^ 
S=k. NA In(2) 


S-RIn2 arrangement Icsol [os c 


Correct option is (a) 


2]. Ideal gas, PV = RT 
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22. 


23; 


24. 


(2) _4 ЕЗ RdT R 
dT), «ТТУДУАТ V 
КЕ v] PdV P 
dv), (dV ВЕ //, RdV В 


ЕЗ а ЕЗ ар”! ЕТ 
| = |= || -ЕТ------- 
dP J (dP P Jj; dP P 


EJ (S ЕЗ кР СКТ PxPx(-RT) ayot 
ат), (dav) (dP) VR P ВТхР” `В 
Correct option 18 (b) 


Internal energy и and entropy S are state function as they depend only on the initial and final state of the system. 
They follow Eulerthorem and for this cyclic integral is zero. 


L REUS 
AS — nC, In T, — AS-2x 7 Rin T 
3 500 
AS = цэг x 8.314 х 2.303 x log 300 => AS =3 x 8.314 x 2.303 log 5 — log 3 
AS = 3 x 8.314 x 2.303 [0.6990 — 0.4771] = 3 х 8.314 x 2.303 x 0.2219 
12.74 J 
= 12.74 J/K = Ч 6.37 J/K — mole 
Correct option is (c) 
Р7-1 " 1+ Piy -1 
In y- | —-@ е nye] Z RT ap P(V —b)=RT 
P 0 P 
P Pb bP 
шұға БУ PV-Pb=RT 
PV RT, Pb 
RT RT RT 
-1- РЬ 
КТ 
Correct option is (d) 
But W and U are path and depend only the path followed not follow Euler theorem cyclic integral is not zero. 
Correct option is (d) 
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25. 


Correct option is (d) 


GATE 2011 


26. dG = VdP – SdT (from Maxwell) 
At constant temperature dT = 0 


EJ 
dp /, =y 


Correct option is (a) 


T. P 
- — +nR In— 
24: AS = nCp In T P 


2 


Р 


Т, 
А8 ерү Р 


2 


2.303 x : 8.3141 2 + 2.303 x 8.3141 | 
= — X —- x син 


(for manoatomic) 


З 230335 8.314х + 2.303x8.314 x (1051-10210) 


& 47.86xlog=-19.14 = —8.42—1914 = -27.56J / K — mol 


Correct option is (a) 


GATE 2013 


28. |AU-AH- TAS 
АН = AU + AngRT X.O (L) — 2 x O, (g) 
— 9kJ + 4.955 kJ = 13.955 kJ Апв-2-0-2 
AG = 13.955 kJ — 298 x 0.84 = 13.955 kJ — 25.032 kJ =-11.08 kJ 
Correct option is (a) 
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АН 
29. Азар S жас 
АН - AS o х T; AS Эн = 87J/K — mol 
AH = 87 х 353 J/mol 
For 3 mole = 92.13 kJ 


Correct option is (92.13) 


GATE 2014 


30. | Maximum non-PV work is equal to AG. 
Correct option 1$ (b) 
31. A+BSC 
Thermodynamic equation constant is dimensionless. 


If equilibrium constant is k, 


Ре 
Р” 
Ко = 7—97 -unitless where, Р = standard state pressure 
Pa || Pa 
Р? iP 
Correct option is (d) 
32. E=0.55 
T,= 105°C = 378 К 
Toc 
Tg. T, Te 
g- EL 


H H H 


378 
== -840К 
1, 0.45 


H 


Correct option is (840) 


GATE 2015 


33. 
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35. 


In isothermal process, AU = 0 
In adiabatic process, AU z 0 


Correct option 1$ (b) 
OV 
34. dU = TdS — Рау; OS =Т 

Correct option 15 (a) 
For and ideal gas, U=3.5PV+K 

or U=3.5RT+K 

dU =3.5 R dT 
AU =3.5 RT, —T.) 
У,-0.25 т P,-5Nm? PV!?- constant 
У, = 0.86 m° AU = ?? ү = 1.3 
At initial state, P, V, = RT, 
- 5x0.25 E 
1834007 
7—1 0.3 
d ya V 0.25 
Since expansion is adiabatic, ПУ! '=T,V, ;T, =IN 4) 201503x ЕЗ 
у, 0:86 

T, = 0.1035 К 

AU = 3.5 R(T, - T) =3.5 x 8:314 (0.1035 — 0.1503) 

AU =-1.36 J 


36. 


Correct option is (-1.38 to —1.39) 


nC, mn 
AS = | T dT at constant pressure 
400 400 
G- Јат; as- | Зат+ [олат 


300 300 
400 
AS = з 220) + 0.1 (400-300); AS = 1.438 + 10 


AS = 11.438 ЈК! mol”! 
Correct option is (11.3 to 11.5) 


GATE 2016 


27, 


V. 
AS =п Ш 3 at constant temperature 


1 
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2 
AS — 8.314 82) AS =—7.61 ЛК! 


Correct answer 15 (—7.61) 


38. Correct criterion, is (АС), , «0 
(AS), y> 0 
Correct option is (d) 
39. А(5) —- A(/) AG - 200 Jmol"! 


AV. =-2х 10 *m*mol' 
AG,- AG, = AV, (P, - P) P,=1 Баг= 105 Pa 
For reaction to be spontaneous AG < 0 
orto find minimum pressure at which reaction become spontaneous, we can put AG — 0 
= AG,- AG, - AV, (P, - P) 
= 0—200-—2 x 10* (P, = 10°) = 10%=Р,— 105 
= В. 1010 = Р, = 10° (1+ 1000) Pa 
= Р, = 1001 x 10° Ра = 1001 bar 
Correct answer is (1001) 
40. 40--54Т-У4Р  dA--SdT- Рау 


2) 2) 
due т 


Correct option is (а) 
GATE 2017 

41. 8 H P 

U G 

У X T 

(5) г) 

08), ev}, 

Correct option is (с) 
42.  Sn(s) + Pb" = Sn” + Pb(s); п= 2 

AG? = nf E? 
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2700 
2х96500 


0 


= 0.0139 


ШИЕ 0 0 
Е g E cathode = Еа 


cell 


0.0139 = —0.126 — E? 


anode 


E? 


anode 


=—0.1399 = 0.14V 


Correct answer is (-0.14) 

43. n,, —1 mol п. = 3 moles п, = 2 moles 
АС, = пЕТУХ (их, 
AG 1933 2 1 


mix БИН 
нис le Ge S D 


= 6(— 0.2986 — 0.3465 — 0.3662} = 6.067 = 6.07 
Correct answer is (6.07) 


GATE 2018 


44. А8. — -шу, X,/nx, 


mix 


-4х8.314 177 А, қы 
2 ® 2/2 


2 


2 4583145005 5 = 23.05 JK! 


Correct answer is (23.05 JK) 
45.  T,-298K; T,= 400 K 
C „= Ug + bY) JK mol" 


н, т; 
far f nC, „ат 
H, T 


н) 
b 
АН- | 0445ТМТ 5, AH — 14 (T, - T) 4 sin em 


Н, 


b 
= 14 (350 — 300) + > (350° — 300") 


32500b 32500b 
2000 = 700 + => 1300= 
2 2 
b = 0.08 Jk? mol! 
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GATE 2019 


46. Sol. АН, = 80cal g !, AS = 28.80cal К^! for x mole, 


АН = TAS - 28.80 x 273 
AH = 7862.4cal 


Amount of water in gm undergo fusion will be, 


7862 Аса! 


- 98.28 
80calg ! 4 


> mole of water undergo fusion will be, 


Лас 
18 
47.801. Р, = 12 аіт, У,-У 
Р, = 2 atm, У,=31 РУ =Р,У, 
W--Pj(V,- V) 12V 23x2 
1 6 
--2|3-- IL atm V=—L 
( 3 12 
О (санд ТУЛЫ} 
2 2 


5L atmx2cal mol!k^! 
0.082 L atm mol !k^! 


--121.95 Ca È 
1 
48.Sol. SO;(g) + 29: = SO, (g) 
AG? (50,)--300 kJ mol-!, AG?(SO;) = -371 kJ mol 


1 
АСс2,--371-(-300)- 59) 


rxn 


=~71kJ mol! 
as we know, AG*- -RTIn K, 
-71000--8.31 x 298 In K, 
In K, — 28.67 
к= 283 x 1010 
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GATE 2020 


49.Sol.: AS,i¢ 7 -R| Уп, Inx; | 
--834 за ыла) 
4 4 


=—8.314[31n 0.75 +11n 0.25] 


--8.314| -0.863 + (-1.386) | 


= 18.69 JK 
AG*(T,)- T АС; (Т) А 
50.Sol.: Al 2)5 2 T C al (х Tcp 
3 -1 
—400.Kx| 379-7x10 Jmol | 63x10? Jmol 2% | ҸӘ 7 
298.15K 400.K 298.15К 


AG; (400.K) = 355.1 kJ mol" 
51.Sol.: For one mole ofthe gas, the van der Waals equation is 


ШЭЭХ: 


т 


а ab 
V —pb+—2=—— =RT 
ын Pim МР У, У? 


To the first approximation У in the correction terms may be replaced by RT/p. Thus, we һауе 


2 
БУГ үрс и дере е И 
ВТ (ЕТ) р КТ (КТ) 


а apb 
Now bor ideal hom — f + | 


RT (вт) 

Since 

Ї 1 (е 

x Y ^ RT 0 Voas Уа) р 

f 1 1 4 
weget In—=—— р 2. ший ар- Ыр чы 8р 1 ... (10) 

р RT^| КТ (RT) ВТ RT 2(RT) 
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2 


int — DP ар, а 
р КТ (RT) 2(RT) 


bp _ (0.03991. оГ" )(95 atm) 


= ee o aaa aa OS 
RT (0.0821 L atm К шог! )(308 K) 


ap (1 49 L'atm mol? ) (95 atm) 


: = 0.22 
(АТ) [(0.0821 Latm K* шо!" (308 К) | 


abp? (1.4912 atm mol? ) (0.0349 L mol) (95 atm)' 17510: 
HDD. LN c ne АША Е о ДНЕ 119 


2(RT)  2(0.0821L atm К mol '-308K) 


> He = 0.15-0.22 + 0.00017 = —0.07 
p 

f 

p 

f=0.93 (95 atm) 

f= 88.47 atm 


GATE 2021 


T, — Te x100 


= 0.93 


52.501. Efficiency of heat engine 


_ 500—400 ) 
500 

220 

53.501. Since work done on the gas asked 
een Vy 
= 1 atm (3.5 - 2)L 
—].5atmxL (1 atmL=100) 
=1.5 x 100 Joule 
= 150 Joule 

54.501. 2P,. + 3Br,(I) > 2PBr,(/) 
AH =- 243 kJ 


reaction 


100 


243 
for per mole of P, АН, action = Soe /mol 
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m 3152 _ Gaal 
for 3.1 g of phosphorus = 31g/mol ER 
243 
the enthalpy change = — ЁСНЫ 0.1 
=— 12.15 kJ 
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QUANTA CHEMISTRY CLASSES 


An institute of Chemical Sciences 


STATISTICAL THERMO 


к-і 


53 


(95) 


САТЕ 2005 


(1) Many electron 'wave function' — slater determinats 
(2) Low temperature — adiabatic demagenetization 
(3) Means speed — maxwell distribution 

(4) Nuclear ensemble — partition function 

Correct option 1$ (b) 

Vibration partition function 


e ЫТ 
Qu = 
Correct option 1$ (d) 
8RT 8RT 

(о. A Мы, (о. js: nM, 

av M 
(u i = Н _ <= D, 21175 Nec 
(u,, » M5, 4 2 4 
Correct option is (a) 


GATE 2006 


D 


вае етте Пв yet =2 
— 0 
Correct option 1s (c) 


GATE 2007 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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For H,, I= mom 27 o=2 (Homonulear diatomic molecule) 


115.7159 1 (Heteronuclear diatomic molecule) 


— 
х 
(95) 


oo | w 


A 
х 
N 


Correct option is (a) 
&, = €, = 1.38 x 10?! J and e, = 2.76 x10?! J 


T = 100 K, Epa = U = Eng = 1.38 x 10] 
We know 
U= Ул, 


М : : 
U-2ng, tne +15 = —® еа —e P et е цаг" 
070 171 272 4 


4 4 
М -Вёо -Bs —Be, 
- 24% IE é +e? 21 (1) 
NG ' М {е № фе P^ +2е № | во 
= — {ве T+ ee P +2ве =} ---4--------5-0Х4Х6, 
q q q 
U = Nsg, 
or od 1.38x10 * 
1.38 x 108 = N x 1.38 x 10 eT ee 
М =1000 
Correct option is(a) 


GATE 2008 


7. 


А(Т-300К 


7 
Thermal energy = k, T = 1.38 x 10? k 300 k 
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QUANTA CHEMISTRY (15502. 2 ІбайНса/Тһегтто(5оі.) 
3x1.38x10?'cm 


=1. 10?! x J= 
38x 10?! xJ i 
3х1.38х1077 11. 3х1.38х10° 4.14x10? 
= ET gom = = = 208 
6.63x10 ^ x3x10 6.63x3 1989 
Correct option is (d) 
8. Two non-identical spin-/^ particles total orientation 
ІШ 
| Но 
| | 8) 
Correct option 15 (d) 
9. Total valume = V 
т су E / | E 
Probability to be in 5 volume = v] 23 
For N number of particles, 
" 247 >у чинээ, Mrs ү" 
Probability that all N particle will be found in 5 уоште = ЕУ Ди 
Correct option 18 (с) 


10. — Lettotal molecules — 100 
115 the ground state and / is excited state 


TON. 1; n, 15, g, 2 
Лу = 360 cm”, As = hcAv 


ДЕ = 6.626x10 7 x3x10' x 360; As = 7.156x10 7? 


We know that, 

n. в, _ Ae 15 2 _ 745607? 

РЕ КВТ N maa 1.38ж10-23.Т => T-2200K 
n; 8 

Correct option is (c) 


GATE 2012 


2 3/2 
k,T ){ 8r? mk,T 
п. q«D-'y T 
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QUANTA CHEMISTRY CLASSES 
qa T? ОТ. 


C (E »v-wer(223) 
= \ar J, & ), 


Ша x Ш Т? > Шах 3In T 


20 
С, = m. -3NK > C,=3N k > 


Correct option is (a) 


| Statistical Thermo(Sol.) 


GATE 2014 


AE 
AE 


12. Shee Sl 922x10% Se 


—AE 
1.38x10 7 x300 J 


In 9.22x106 — 


= 2.22+13.81= 


138002 J «300 
K 


-АЕ 
1.38x10? x3J 


16.03 х 1.38 x 102 x 3 J x 6.023 x 10? = ДЕ 


399.8 x 10? J = 39.98 KJ/mole 
Correct answer 1$ (39.98) 


GATE 2015 


13. Foran ideal gas with molar mass M, molar translational entropy. 


S œ М 
Correct option 15 (d) 
14. К qu Me 0 + gett J=0=1 e? 
8,-0(21--1)7-0, gl 
Те 12-267 se =(2J+1) 
Correct option 1$ (b) 


ви) 


САТЕ 2016 


15 Эг, „Әр ВКТ Пу m n, 4 52 
1 = DENT Ыар: ар — = (05еУ 5 = 0.05eV 
No 612% & Eo Tlo Е 
гэг 2 
Банны --- е” х ШЕШ о 
: " (2) 
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QUANTA CHEMISTRY CLASSES [Statistical Thermo(Sol.) 
n, П; -2 n; П; 

2.303 log— =-2; log— = ==; 100: = 0.8684; вн) 

ВТ ЕТ г Г 


Correct answer is (0.14) 


GATE 2017 


16. For canonical ensemble —> М, V, T = constant 


NVT | NVT | NVT 
NVT | NVT | NVT 
NVT | NVT | NVT 


Correct option is (a) 
GATE 2019 
17. Sol. Partition Function, q-2Xg,e *! /KT 
а= “Танд +g,e EKT 
_2KT 
-1-267 
а= 1.27 
18.501. —*— 2e 25 
5 ее 5 
ее О ° О 
3! 3! 
МА ТА! 2х1! 
Total ways, М = МУУ, +W, 
W=3+3=6 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 Г | 
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QUANTA CHEMISTRY CLASSES 
An institute of Chemical Sciences 


EQUILIBRIA 


GATE 2005 


к-і 


The triple point for water is uniqe > fixed 
T —0.01?C, P = 4.58 mmHg 

Correct option is (a) 

H,O (liquid) — + 120 (gas) 

ШТ, P) = р (T) + RTIn P 


Тэ 


Change іп chemical potential 

=> u(T, P) - и? (T) = RT In P/PO => Au=8.314J mol" K~ x 298 K x "EJ 
=> Ap 8.314 x 298 х In 24 Jmol! => Au-7873.8mol'! К! 

=> Ли=7.87 kJ mol! 


Correct option is (c) 


GATE 2006 


А=100% B AB B- В-100% 
25% 50%50% 90% 


В=55% 
At point a, AB(s) + Melt. 
Correct option 18 (b) 
4. On adding solid B, it will precipitate out. 
Correct option is (b) 
5. On cooling mixture at 25 mole percent В to 114 К. Solid AB + solid А will exist. 


Correct option is (a) 
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QUANTA CHEMISTRY CLASSES |Equilibria(Sol.) 


GATE 2007 


6. V olution 7 100 mL [НА]=1.2А [NaA] = yM 
The given solution is buffer solution 
nj, = 1.2 x 100 = 120 m mol 
nH, =y x 100 = 100y mmol 
On adding NaOH = 40 mmol, 
НА + NaOH —> МА + H,O 
Initial amount 120 40 0 0 
After reaction 120-40 0 40 
— 80 
In solution, n,,, = 80 mmol; mN, = (100y + 40) mmol 
Пан 100у +40 
pH = pK, + log noe + log “Гар 
acid 
T 100y + 40 _ 100у +40 NET 
ENT NEL S 80 PN 
In the beginning п, = 100y = 100 x 1.2 = 120 mm 
Beide = se 
pH =p, т 108 ns 98120 
рН = 5 
Correct option is (b) 
T; NaCl = Ма + СГ! 
С=2—1=1 
F-C-P42 
Е-2-2-2-2 
Therefore, Е = 2 
Correct option is (а) 
GATE 2008 
8. Maximum number of phase that can exist in equilibrium is 3. 
Correct option is (a) 


GATE 2009 


Sucrose(s) — Sucrose (aq) 


D 


It is a non-reactive system. 
Therefore, C = number of chemical constitute which is 2 here C =2. 
Correct option is (c) 

10. When Ang = 0 then pressure has no effect on equilibrium. 
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In option (d); Ang =4-4=0 


Correct option is (d) 


Amt.ofliqudatE ЕС 


п, Amt. of vapour at E С FE 


Amt.ofliquidatE 2 1 
Amt.of vapouratE 8 4 


Liquid 
yàquids 


atm. 


Vapourous Curve 


8 units 2 units 


Amt. of liquid at E 1 
———=+1=—+1 
Amt. of vapour at E 4 


Amt. of liquid at + Amt. of vapour 5 


Amt. of vapour 4 


Amt. of vapour 5 


=> 
Amt. of liquid + Amt. of vapour 4 


— x, in vapour form = 0.8. 


correct option is (d) 


GATE 2010 


12. | Possible number oftriple points is 4 
Three are stable triple point and one is metastable triple point. 
Correct option is (d). 

13. \N,(g)+ ЗН, (g) = 2NH, (g) k 


1 3 
216) + 5 Н2(8) = МН, (р) 1 


[s] [№] | [мы] 


АТ 


Correct option is (с) 
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QUANTA CHEMISTRY CLASSES |Equilibria(Sol.) 


GATE 2011 


14. Triple point is the piont on the P— T diagram for one compnent systement at which the solid-liquid and the liquid 


gas curves intersect. At this point all three phases (solid and vapour) can co-exist in equilibrium. 


Correct option is (a) 


GATE 2012 


На + solid B 


Temperature — 


Solid AB, 
+ 


Solid A 


Composition 


So, at point Q. Solid АВ,, Band liquidare in equilibrium 
Correcrt option is (c) 


GATE 2014 


16. Н,0(5) = Н,0(/) “АН, = 6.01 kJ mol! 
Н,О(5) =H,O(g)  AH,,- 44.83 kJ mol" 
Н,О(5) =H,O(g) ДАН, „= АН, + AH,,,, 

= 6.01 + 44.83 
АН = 50.84 kJ mol" 
Correct option is (50.84) 


GATE 2016 


17. AtRthe liquid is pure X 
Correct option is (d) 
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САТЕ 2017 


18. T 


P= 10 atm 
4.58 mm Hg 


P= 10 atm 
5.11 atm 


T T 


Н.О phase diagram CO, phase diagram 


Slope of HO wil be negative for 5-1 equilibrium line 
Slope CO is positive for 5-1 equilibrium line 

> М, <0 and М, > 0 

Correct option 18 (d) 


GATE 2018 


9. АН - 15300 Jmol Т=200К 
V, = 100 cm? mol! = 110 x 10° m3mol! 
V. = 12000 ecm?mol'! = 12000 / 10° n? mol! 


— 


dP = 99 КР ki: dP = АНН 

dP ° Ч ТАУ 

ар 15300 15300 Jmol! 
dP 200(12000х10:%х110х10%) ^ 200х11890х10° | km*mol™ 


= 0.0064339 х 10°= 6433.9 P K“ = 6.4339 КР К! 


GATE 2019 


20.Sol. (a) is incorrect 
At200 К, along sublimation curve, solid — gas. 


On increasing pressure, СО, gas gets converted to solid. 


GATE 2021 


21Sol. NO(g) = N,O(g)+ NO, (g) 


AG? =— RT Inkp 
EJ 
_ ,\-RT 
k,=e 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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QUANTA CHEMISTRY CLASSES 


-104.18х1071 
ш —8.314х298К 
k = 1.8 x 10" 
Correct option is (a) 
22Sol. CO(g)- CL, (5) = СОСІ, (g) 
t=0 0.7 1.0 
t=, 0.7-Р 1.0-Р Р 
here P = 0.15 (equilibrium presence of CoCI,) 
PCO = 0.7 — 0.15 = 0.55 
PCI, = 1 — 0.15 = 0.85 


_ PCoCl _ 0.15 
" РСохРСЬ 0.55х0.85 


23.501. At T all hence phases CO exist so ***** is correct. 


Е = 


р 


= 0.32 bar’ 


Solid Liquid 


Gas 
Below T, liquid state does not exist 


Т“ (Temperature below Т.) 


No liquid 
Solid Liquid 


Above T liquid state exist pu 


T (Temperature above Т.) 


Solid Liquid 


: : Сав 
Above T, solid exist 


T, (T) ~ (Above T) 
Solid liquid 


So, correct option are (a) and (b) 
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| Equilibria(Sol.) 


[6] 


C : 


QUANTA CHEMISTRY CLASSES 
An institute of Chemical Sciences 


KINETICS 


GATE 2005 


d[A] 
l. Rate law > тэ” КА? 


Reactivity is second order. So, graphically representing. 


=n 


t 
Correct option is (b) 


_ Amt. of sample dissociated 


~ Amount of photons absorb 


11.97 eol! = 11.97 Р E 
Energy of 1 mol of photon = qu 300х107 = 3.99 x 10? J mol 


3.99 x 10° J > 1 mol of photon 


1х 6.626 


3.99x107 = 1.66 x 10? mol 


6.626 J > 


we VAN = 0.6024 x 10? 
1.66x10° ` 
ф- 60.24 


Correct option is (с) 


GATE 2006 


3. А === 1+ Heat 


1 


On increasing the temperature, reaction moves backward. 


— The magnitude of increase is more for K , than К, 
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K 


Correct option is (с). 
4. [^Sr], = 1g 
[Sr] = 0.953 g, t = 2 year 
2. 1 
ke ан log = 0.024075; К = 0.024075 year! 
2 0.953 
222 0.693 0693 _ nose 
Bu 0.024075 2 9> year 
t = 28.75 year 
After 5 years amount of ”Sr. 
2.303 1 
= lo => || "г | = 0.887 
0.024075 = 7. log = | sr] g 
Correct option is (c) 
5. A—>B—2>C 
t=0 a 0 0 
t=t X y 2 
а=х+у+2 
х t 
HM тазы c aK ys | ік dt > -In| $|- K,t 
dt dt ых s a 
In~=-K,t>—=e%' > аек" 
a a 
or [A] = [A]; e." 
Correct option is (a) 
6. А —E ув (fast) {К >> К, given} 


B— C (slow) 


=> The net effect on [B] is the accumulation or increases to some maximum value and then it starts decreasing. 


correct option is (b) 
GATE 2007 
4: Catalyst not affect the activation energy ofthe reaction. 
Correct option 18 (d) 
8. Rate constant = 38 dm? mol! s! 


Unit = dm? mol”! s^! is second order 
Correct option is (c) 


9. From experiment (1) and (2), concentration of P 18 double and rate increase in four times. So, order 18 2 with 
respect to P. 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
Contact Us : 9990382567, 9717373074, 8285815185 


QUANTA CHEMISTRY CLASSES | | | |kinetics(Sol.) 
From experiment (2) and (3), concentration of Q 1s fourth and rate 1s four times. So, order 18 1 with respet ot О. 


4 т n 
19 с, Р e, Q с, R 


Experiment (1) and (4), 

R (028) (1.8) Е 
аот (OD) 050) 40). = ао 
Correct option is (c) 


10. „= 28.4 min 


0.693 
K= = 0.0244 min" 
tiz 
ГА1 
[A], =8 nM; [A] = 1.0 nM; In [A] = К t = 85.2 min 


Correct option is (c) 
1l.  2NO(g)* O (8)—> 2МО,(8) 
Mechanism: 


NO + NO —*— N,0,; N,O, —— NO + NO; N)0, 4 0, —— NO, + NO, 
r = K, [N,O,] [O,] 
Applying SSA on [N,O,] 
Rate of formation = Rate of consumption 
Ka [NOF = K! [N,O,] + K, [N,O,] [O,] 


к ,[NOF K ,[0,]-K,[NOF 
91 KORAT KKK, [03] 
Correct option 1s (b) 
12. EXKEI 


-» Atsame temperature К, « K, 
On increasing the temperature K, increase more compared to K, 


KT). K,(T.) 
ка) ка, 


Correct option 15 (d) 


GATE 2008 


13. 2X,—93X, 


d[X;] 
Rate of formation of X,= "dto 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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QUANTA CHEMISTRY CLASSES 


14. 


15. 


16. 


тах, тах «ХІ -34Х,| 
——————— 
Rate of Rection is, 2 dt 3 dt dt 2 dt 


Correct option is (d) 
product 1 10° 1 


= х ----х---100 
TOP catalyst time 10° 10 


Correct option is (b) 


А >В 
к, 


e Е eqs 
K+K; 
=> К *K,- 106 
А <= В 
ІС [А], О 
Е.С 0. [А] 0.9[A], 
0.9[A], K, 
SMA 9 4.27 
ог K,-9K, 
Substituting itin equation (1) 
OK + K= 10° 
К = 10° 
Hence, K, = 9 x 10° s" 
Correct option is (a) 


E +S [ES] 
к, 


[ES] SEP 


~d[S] = КК, [S], E K,K,[P] [Е] 
dt K[S], -K,[P]-K ,*K,] ° 


ra KIEL 


max 


Е K+K, << К [5], 


dS) | КК.51, € KK [PI] 
d | KISh«Kup f 


then 
Since it is given that small amount of S is converted to P 
= KIS], >> K, [P] and KK, [S], >> КК , [P] 


_ d[S] 2 K;K,[S], - [Е], — -d[S] Ш E 
So, dt K,[S], dt E КЕ], a bus 


Correct option 1s (b) 
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| kinetics(Sol.) 


NO 
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~ 
17. p 


[X]. K 1. P 

UI TT LIA S MTS a = = -1 
2] к, 4 К, =4К, =4х 104s 
Correct option is (с) 


1 240 (4)" 


ГАр 300 (57 


J-E 


п= 2 Order ofreaction is 2 


18. tj, 0С 


Correct option is (c) 
19. Е = 10% 10° sec > К, + Ky, - K.— 105s ' 
ф= 2: = ОМАК =0.1 x 10% 1075! 
K; + Kise k Ке = j | 
Correct option 1s (с) 


20.. XY == Z (fast) 


ZS, P(slow) Since K, >> К, 


А] 
кР, Јри 


or [Z-Y] 2 г- XI] 


Correct option is (а) 


21. К= Ае" 


Е КК 
InK=In А-К тү 
RT K, 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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InK 2 К, +InK,—InK,=In A,-— +n A, - -In A4 — 


А-А, 1-1 
-m (A fe, +в, В] 


Correct option is (c) 


GATE 2010 


12000 | 
2. шк-50--- -0 


From Arrhenius equation 


Ink=InA- RT (1) 
Comparing with two equation, we get 


E, 12000 


RT T 
E, = 12000 x 2 = 24.00 kcl/mol 
Correct option is (c) 


23. Н 


Соттесі орНоп 15 (4) 
24. | Drepresnets Melting point 
Erepresents sublimation 


F represents boiling point 


Correct option is (d) 
GATE 2011 
. 2.303 a 
25. for first order reaction, К = - log я 
-Х 

: а 2.303 а 

t=10min а-а,а-х-” = k- ——-log— 

y 10 ^a 

4 
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2.303 2.303 
= log 4 > k = = —o9(2) 
> k 10 g 10 8(2) 


2.303х2 : 
> К- cir? log 2 = 0.1386 min’ 
Correct option is (a) 


26 Фа) ЖЕ ЖЕГЕ. 
: dP T dP P 2 Bm an trs 


Accroding to Ehren fest classification a transition for which the first derivative of chemical potential with respect 
to temperature is discontinuous is classified as First. Order phase transition and volume with respect to termperature 
is discontinuous is classified as Fist Order phase transition and volume with respect to temperature is discontinuous. 


dU 


V 
Show first order phase transition | ат | is discontinuous at transfer and Rd also discontinuous at transition. 
P P 


1 Ла 
x 


K, 1 К,(О,Г [M] 


Correct option 1$ (b) 


27. Given: KO] >> K,[O,] [M]; r= 


K,[O, ] 
: К.(О,1М1 
or r= 
ГО, | 
= Е, =E, 
Correct option is (d) 
28. r - K,[O][O,] 
Applying SSA on [O] 
Rate of formation = Rate of consumption 
_ “222 KMO] 
КЛМД0,1-К.О,ДО1М16К.ЮДО,101- К 76 ум]: K [0.] 
г= К D; 
| к МПО, | „K KO, PIM] |) 140.) 
K,[0,][M]+ K;[O;] K;[O; IM] K;[O;] 2 dt 
22 -d[O;] TW 
Rate of decomposition of ozone, “тэрэн 2r 
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-d[O,] 2K, КО, РІМ] 
dt — Kj,[O,]IM]- K,[O,] 


Correct option is (a) 


GATE 2012 


29. 


30. 


First step б-5-0Н 
Second step, СУН P 
d[P] ,. 
——=k,[G][H i 
ат TRIG.) 
of [H]? 

From equilibrium constant, K = [G] 

k"[G]^ =[H]=> a < [©]? 
Putting [H] in equation (1) 

ЧН кор? 

dt 


Correct option is (d) 
Consider the reaction, H, + C,H, —— C2H6 


E +O, ] 8k,T ? 
Ny, 
2 пи 
The molecular diameter of H, and CH,-1 ЗА and 3.6À. 


Thepre exponential factor in the rate constant calculated using collision Theory is (m? per mole per sec) is 
approx. ( ) for this reaction at 300K. 


8k,T \` 
| 7| N5111 x 107 m mole" sec! 
пр 


и —E,/RT 
к= Р М, 2043 8k,T — —— 
лы exponential factor 


рге-ехр opential factor 
Е 


Р-1 > К, = Ае" 


к ту 
TU 
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QUANTA CHEMISTRY CLASSES |kinetics(Sol.) 
= 3.1452.у x 10? x 1.11 x 1077 m? mol! $ 


= 25.408 х 10?? + 27 = 25.408 x 107 n? mol! s~! 
k, = 2.54 x 10% m? mol! $! 


Correct option is (a) 
GATE 2013 

31. | According to L.C. principles, On decreasing pressure shifts in the direction in which the number of gaseous 

molecules increases. 

Correct option is (c) 
32. The concentration ofthe component which is present in steady practicaly remains constant except at the very 

begining and at the very end. 

Correct option is (c) 
3$. Sy 

-а[Х] 
At=t=t[X] X-X]; -y -К/Х1-К/Ү) 
-d[x] 
зр 2 КЫР CE IXI,- FX} = KIX] + К, IX] - TA], 
-d[x] 
ийг (К + K,) [X] - К, [X], 

Correct option is (b) 
34. Ч cans ос т? Ч ре T’ 

4,, c T (linear ), Чы © T^^ (Non – linear ) 

А-В Aà C-D = AU B 

(linear) (linear) | | 


(Non-linear) 


Arrhenius pre-exponential factor 


non-linear 


N,k,T аа) 
Ac H 


ОРС ы РИИ Б (Чайын ў G(tinear) 1 Чу (педаг) ЇЇ 


3/2 0 
ко 2 -Msl датат 


he (тег) һ 


Correct option is (а) 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 [о | 
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САТЕ 2015 


АВ" # -23 сый 
35. А- aL, R et) 217x10" Шет Xe же 
P х 


AS* — [10.2 — 10.6]* 


Correct option 18 (c) 


GATE 2016 


36. | Enthalpy ofactivation, 


AH* = E, - 2RT [for bi-molecular reaction] 
= 5500 — 2 х 8.314 x 300 = 511.6 J/mole = 0.5116 kJ/mole 
Correct answer 1$ (5) 


K 


37. A =B 


Kı 


К =4.2 x 10*s!; К, = 1.04 х 1051 


1 1 
T= kk, 2 (4.2х10*) +(.04х103) 7 684.93 
Correct answer is (6.6) 
38. A+B === I (fast) 
I _%=!0_, P (slow) 
ЭРТ Кар NAI I] 21 A 3 
dc = КА Eme NAT BI лк ИВ 
К. № 


So; rate constant of product formation is K 
-1 


10х10° 
104 


Correct answer is (100) 


GATE 2017 


39. К-1.25х 10* mol L's“! 
[A], = 0.250 
Time for [A] - 0 
Unit of K shows zero order reaction 
[A], -[A] = Kt; [A], = Kt 


= 100 L mol'!s* 
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QUANTA CHEMISTRY CLASSES |kinetics(Sol.) 


_ 0.250 
t= 125x107 


Correct answer is (2000) 


= 0.2 x 10+; t=2 х 103 sec. 


5000 
46° kis 9 
T 
ШК=А а E, 5000 
е (ea ЕТ Т 


E, = 5000 x 8.314; E, =41570 J 
E, — 41.57 Клио" 
Correct answer is (41.57) 


4, X кез! ‚ү кон ‚7 


1 K, 1 2 1 
Bec RoR) LR \<0лу (01) ШЕТ 


t. =1.576 вес 


max 


Correct option is (1.576) 
42. | Rectant + Enzyme — product 


mole of reactant 
Turn over number = 


0.44 
e 
= x o 241002 975 105g- 7.5 
30000 


minimum amount of enzyme x required time 


Correctanswer 1s (7.5) 


GATE 2018 


H i 
- | ! [2+2] 
pu Cycloaddition 
43. Ра 


Addition from less hindered face 


Correct option is (c) 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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4. шт = zu E, = AH, E, = 2800 J 


1 RIT T, 
k, = 2800 EE аг їл 
1-6: 08314300. 35002 °° 0 
2303, ,| а |. 2303 (6100) 2503 
4 К, а-х| 79x10? 5 10| 795х103 log 10 = 289.6 sec 


1 


45.  [Co(H,O),]** = Co" d (О,) 4 | | 


227. 


|СоС1,Р” => Со? 4 (Td) гү 1? 


ы 
Correct option is (b) 
GATE 2019 
AS 
46801. Ag: A 21% 
h 
E AS 
103 138x107 x298 2 R 
6.62х107°* 
T 6.62x 10?! 
1.38x298x10 7 x 7.389 
— 0.002178 x 10? 
— 0.2178 
BS 854 
R 
AS = —12.67 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 


Contact Us : 9990382567, 9717373074, 8285815185 


QUANTA CHEMISTRY CLASSES |kinetics(Sol.) 


и 2 QE) 


R= 
47.Sol. K, +K, 


E 15x10? x4 [ аа 
5x10? «15x10? 


_ 60x 107 [ T аны 


| 20х10? 
-3|1-67 | 
=2.59 
48.Sol.: For enzyme catalysis:- 
у [9 
Rate = mu 


Ки = Michale is mention constant 


Vix т К, [Е] 


1 K 1 


m 


Rate v [S] i ves 


max 


Slope: Кы _ 0.16s 
у 


1 
Intercept: —— = 2.12 то‘, 


тах 


0.165 


= 5 К == 
М 2.12 mol $ 
K,, 20.075 mol Г! 


49501: X —9 yy. 999" у 


kı к, 


[X], = 12.5 moles 


{= 10 тп. 
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29 
= [Y], = 25: "€ icon =e exe) 


= [Ү | = 5.4 moles 


50Sol.: Given, А-43х1056! 
Т= 25°С = 298 К 


АВ! 


As A= КЪТ сливе R 
һ 


2 zi si 
435105 a 138x107 IK" x 298k oo со 
6.626х107* 5 


АВ! 


> 0.069х10* = e8314 


А8” 
8.314 


> In (0.069x10*) = 


— А8” = 54.39 


САТЕ 2021 


51. Sol. According to Arrhenius theory 
k = Ae EVRT 


k,- Ae PURT 


k, = Ae EVR 


Yeu 
"(Sean 


0.237x10*| Еа (53-58) 
2.64х107 8.3141273 298 


8.314х273х 298 |222. 
Еа = дд — In —— 
25 2.64 
Еа = 65215.5 J/mol 
= 65.2 kJ/mol 
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C. 


QUANTA CHEMISTRY CLASSES 
An institute of Chemical Sciences 


SURFACE CHEMISTRY 


GATE 2008 
16.628 x 10? J/mol 
J 
x Геле е =10 sec е Кыш 78x10 
Correct option is (а) 
GATE 2011 
2. According to conventional transition state theory for elementary bimolecular reactions the molar entropy of 
activation AS". is negative because two reactant specing come together to form one spacing. 
Ang for Bimolecular Reactions is — 1 
5 AS SU 
Correct option 1$ (c) 
GATE 2013 
k 1 01J 1 
3 ge > 040kp ko - (i >r -Nml L 
| 1+kp 1-0 p 1-0.01 10 


Correct option is (0.001) 


GATE 2014 
KP 


кр 


B 


| K[X] 
For gas, P a concentration Ө = 1+ K[X] 


At very low concentration, 1 >> K[X] => 0- КГХ| 
Correct option is (а) 


GATE 2015 


(KP)? 1 I«(KP)^ 1 1 


- rem у= +1 
1+ (КР)'?’0 (КР) 70 қор 


к : 
A, (g) == 2A 30 


ол 
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Е 


1 
Slop is Ге 


Correct option 15 (d) 
GATE 2016 
M M m 
6. V = V, F КУ, 


1 
Slope = v = 0.01 > V. = 100 


САТЕ 2017 


(КР)” К, 
92 ———— — - = 
й 1-(КРУ” он "inc 
4x1 1/2 2 2 
S 9=— =0.67 


 1-(4xD"7 ^ 1+2 7 3 


Correct answer is (0.67) 


GATE 2018 


О, — ч + о + fi (kp)'? 
1 1 A ы TN ==» d — 
8. t UR. Triatomic; Y ыр)? ^3 0:33 (value ofx) 
k,T 
E, -hv-kT ох кР, v= h 
The frequency os such vibration will below and average energy will be of the order of k, T. 
Correct option 1s (d) 
9. Ionic micelle forming surfactant near its critical miscelle concentration (СМС) 


Molar conductivity 


Surface tension 


. 


Physical Properties 


CMC 
Surface Concentration 


Correct option is (b) 
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САТЕ 2019 


10Sol. О= K(P)'? — According to treundlich’s isotherm 
1 
InQ=InK+ Т. Р 
y=C+mx 


Option B is correct. 


П. SOL: 
GATE 2020 


slope = 1x10?mm? 


2(р/р) 
according to BET equation, we һауе 


p Бер " 1 
(р -р)уу v,Cp' У.С 


1 
—— 2 4x10 ‘шт? 
ш үде 
= =1х10 mm” 
у 


= (С-1)4х10%-1х107 


= C-1=0.25x10° 


> С = 251 
! =4х10 шт?” 
= 7? | 
1 
-» 


MI = ER ASAE 
251x4x10 $ 


у= 996 ши. 
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© т 


QUANTA CHEMISTRY CLASSES 
An institute of Chemical Sciences 


POLYMER 


GATE 2016 
M, = 13.7 
— N,M,+N,M,+N,M, М, +M, +M, 
М, = 15.5 an oes a 
М, = 17.2 


N,-N,-N,-N 
— ММ? +М,М +№,М? мМ? +м?+М? 
"N,N, +N,M,+N,M, (М,-М,-М,) 


м. 
М 


n 


P.D.I. = 


Correct option is (a) 
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<. 


QUANTA CHEMISTRY CLASSES 
An institute of Chemical Sciences 


ELECTROCHEMISTRY 
AND CONDUCTANCE 


GATE 2005 


l. For reversible cell heat change is TAS? 
Correct option 1$ (b) 
2. Cu | Си?“ (aq) | |Cu(NH,),]"*, aq NH, | Cu 


ро 0.0591 bek. 
n 


0.0591 
0.35 = — log К 


sc 


11.844 = log K 
К. = 6.98 x 10" 
Correct option is (c) 

3. According to Rault's law : Reltive lowering of vapour pressure is equal to he mole fraction of solute. 
Vapour pressure 298K ofthe solvent (Р?) -244огг 
Vapour pressure ofthe solution — (P) 

Р°_Р 

p? 


Now, relative lowering of vapour pressure = 


Mole fraction of solue (МаСІ)-(х, 4) = 0.015 

p?-P 24-P 

p \ Ха => 754. = 0.015 

=> 24-Р =24 x 0.015 => Р=24- 0.36 = 23.64 torr 


Correct option is (c) 


4. Enthalpy of vapouruization = A/vapourization 
liquid < vapour 


nemin 
P RL TY, 
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QUANTA CHEMISTRY CLASSES |Electrochemistry and conductance(Sol.) 


760 torr AH 373-363K 
> ni9 torr  8314Jmol K | 373x363 К, 


760 8.314х373х363 
529 10 

=> AH=40.787 Jmol! 

— АН = 40.787 kJ mol! 


vapourization 


= AH=In Jmol! 


Correct option is (b) 


GATE 2006 


ол 


Си (aq) +е — Cu(s) E0=0.52V 

Си’ (аа) > Cu* (aq) +е- Е,-016У 
Net reaction : 2 Cu* > Cu(s) + Cu” (аа) 
E? a= E? a Ewa = 0.52 — 0.16 = 0.36 V 


AG? = — nf E? = —1 x 96500 x 0.36 = —34740 J = —34.7 kJ 
Correct option is (a) 


GATE 2007 


қу» 


Са” + 2e < Cd 
(Е,), а. observed in cyclic voltametry at hanging mercury drop electrode 15-650 mV vs SCE. 


E 


pc 


Current 
(HA) 


| 


E 


pa 


Potential (v) —* 


АЕ. —|E |= “mV 
P n 


p.anodic x p. cathodic 


=> |-650-Е 


p me - 


59 
ed = 29.5 mV 


> Е, cathodic = —(650 + 29.5) mV = -679 mV 
Correct option is (b) 
Ее?" + Зе — Fe Е, =-0.04 У AG, =-n,fE, 541) 
Fe? + 2e Fe E, =- 0.44 V AG, - -n f E, ...(2) 
From Eq. (1) & Eq. (2) gives required equation 
Fet + e — Fe? AG = AG, - AG, 

-nfE--njfE, +n, fE, 

f (nE) =—f(n, Е,-п,Е,) 
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QUANTA CHEMISTRY CLASSES |Electrochemistry and conductance(Sol.) 
nE, E nE, 
n 


_ 0.12+0.88 
1 


Е= 0.76 
Correct option is (a) 
8. MnCl, >> Mn” +2СГ 


Пума, = 25 х 1.2 x 10? = 30 x 10? = 0.03 mol 


=> N m2 70.03 mmol n, = 2 x 0.06 = 0.06 mmol 


KCI 2 K* + C- 
nga = 35 х 6 x 104 


-210х104-0.021 mmol 


> n, = 0.021 mmol nor = 0.021 mmol 


Total, —0.06--0.021 = 0.081 mmol У,,-25%35-60 mL 


Мп] = 202 =5х104М 
ІМа”|- “со 


СІ = 35 x 10° M 

ХЭВ 222128 Cp 

ши 60 | 
К] = р 3.5 x 10^ 
К = 60 
Correct option is (с) 

9. Activity of Mn” ion in the above solution is 
а=а=у Са, -08х5х104-4х104 
Correct option 1$ (d) 


GATE 2008 


10. 106у,--А/7,7|12 


I = L[Sx107 х4+2ж5х10 x1] 
2 


2 51205107 105107) 


Г = 15х 10+ 
logy, = —0.509 |2 x 1| (15 x 1052 
= —0.509 x 2 х 3.873 x 10? 
logy, = - 3.942 x 10° 
у. = 0.913 
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QUANTA CHEMISTRY CLASSES |Electrochemistry and conductance(Sol.) 
Correct option 1$ (d) 


GATE 2009 


11. KCl — К+ СГ 
шү, + -AZIZ4-A[Z | Z |; шү, < V4 2 ш y, --2А | "| VT 
Decrease by factor 2 
Correct option is (a) 
12. Metals with lower standard reduction potential can displace the metal with higher standard reduction potential 


from their solution. Mg with lower standard reduction potnetial (-2.34) can reduce both Zn? can reduce both 
Zn? (—0.76) and Fe? (—0.44). 


Correct option is () 


GATE 2011 


13. NaCl e Ма-сг 
] molal lmolal  1molal 
1 1 
І- пи = 


log y, = А|2+2-—|; logy, 2-A[Ix-1| VT 


logy, =-А [y, = 10^] 

Correct option is (а) 

М+М (0.1) —M'(0.01))- M 

14. 
(C2) (€) 

Ёс —2.303 ВТ ҚС. j 2.303RT [б 0.01 
= TE ^! W^ Е 010 
œ 2.303RT lo 1 b 2.303RT 
B Вы: 10 SERI mE 

Correct option is (a) 


GATE 2012 


Pt |H, (1 Баг) Н“ (solution) | СГ |Hg,CL| Hg 


— 
сл 


0 


Е ,7 0.7530 V E rpg cuis = 0.2802 


At anode: Н, —9 2H' 2e 
At cathode: Hg,Cl, + 2e —9 2 Hg + 2CI- 
Net reaction: H, (g) + Hg, Cl, (s) —> 2H` +2Нр (s) + 2CI (аа) 


(aq) 
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QUANTA CHEMISTRY CLASSES |Electrochemistry and conductance(Sol.) 


16. 


pope, 00591 


Cell | 


log [H+ F 


E = 0.2802 + 0.0591 pH 
pH=8 


Correct option is (c) 

2MnO, + 5H,C,0, + 6H* —> 2Mn” + 8Н.О + 10CO, 
E? (MnO;/Mn?) = 1.5 IV 

E? (CO/H,C,O,) = - 0.9 

MnO; + 5e —> Ма? x 2 

2CO, + 2e — C20? 


2MnO, + 5C,07 6H* —> 2Mn? + 10CO, + 8H,O 
Total number ofelectron = 10 

AG =-RT Ink 

-nFE =- RT2.303 log К 


jog арса ЭЭ ЭЭ 2 7 AN = 338 
OE MENS ee (7049) = 2V; шы” 
Correct option is (b) 


GATE 2013 


17. 


18. 


М.Х = 2M + X2 

25 5 (Solubility) 
к= (2$)? (s) = 46: 
When actually inthe form ofion is Көр 
M2X == 2M” + Х-2 


(2a) (а) 
Qv.(m,) (үш) 
Correct option 15 (d) 
Fe(OH), = Ее + 30H- 


Metal insoluble due to К» reduction 


Fe + Fe (ОН); Ее? + 30H- ^ Fe 
Oxidation 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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QUANTA CHEMISTRY CLASSES |Electrochemistry and conductance(Sol.) 


0 0 cathode 0 anode 0 0 
Еш = Е Ёс E. = ОН” |Fe(OH),|Fe ш E ipe = —0.786 ян 0.036 
= (0.786 —0.036 =- 0.750 volt 
Correct option 1$ (b) 
о _ 0.0591 -0.75х3 
19. Ее = рс Bi К» > 0.0591 — log, K, -382 = log, Ko 
In K, = 2.303  log,, K, = 2.303 x (-38.2) = -87.97 


Correct option 18 (d) 


GATE 2014 


20. Ее? +e > Fe2+ = E? = 0.77 V 


_ 0.0591 


Ее” 
Е-Е log! га 
n 


—; Е-Е” 
[Fe] 


0.0591 (= 
- lo 
n 0.1 


g а.) Е-Е? =077V 


Now, Fert e — Fe”; E-E?- MT (S = 0.77 4 0.0591 


(0.1M) 


Е= 0.8291V 
Correct option 1$ (0.8291). 


GATE 2015 


21. Ма“ 1.28V Мп“ 0.96V Ма” 1.5V Ма 


Мп + ег — Мп" Е? = 1.28 У 
Мп + ег — Ма” Е0-29У 
Мп + ег — Мп"  Ес-096У 
Мп? + ег — Ма" \ Е =1.5 У 


nE? + nBE? -п,ЕРСп,ЕС 
n 


Mn$'-4e-—— Mn? Е= 


1.284 2.9 - 0.96 +1.5 


1.66 
4 
K K 
22: E+S=—ES==—P+E 
2 4 
к K 
Е+5 шинжин ES К--4 
: 2 
к K 
ES = Р+Е К"= 5 
E 4 
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QUANTA CHEMISTRY CLASSES |Electrochemistry and conductance(Sol.) 


——— K, К, 
Net process E + S == P* E K-K'.K" К=к k 
2 4 
Correct option is (а) 
0.0591 0.0591 
Е . ро _ po _ 
23. Еш- i log К Basse E чв m " log Ks 


0 


0 0 
007- Б, =0.0591 log (5 x 10-3); 0.07 Еб, =— 0.726; EP, = 0.796 V 


Correct option is (0.79 to 0.82) 
24. 1овү, =-А |4. 2 |1? 


1 1 
I= 5 {0.001 x 2? +0 x 0.001 x 27} = 5 10.004 + 0.004} = I= 0.04 


log y, =- 0.1287 => y, = 0.743 
Correct option is (0.73 to 0.75) 

25.  1,-607nD'^com^t^* 
1,2607 x 2 x (1.2 x 10°)" x 3X 104 x 39^» 3" 
1, = 1214 x 3.46 x 10° x 3 x 10* x .20649 x 1.2 
1, = 31248.93 x 107 Mm ori, = 0.00312 pA 
Correct answer is (0.00312) 


GATE 2016 


26. For strong acid vs strong base E = E? + 0.0591 pH. 
Plot of E vs volme of base will have semi shape as pH as volume 


Similarly, for other plots too. 


Since, 

ApH 

AV 

is correct 
Vol — 
Correct option is (c) 
GATE 2017 
НКТ 6x107x1.38x107x300 2484x107 - "— 
27. MINE EE 771610521640 = 1552 х10-%- 1.552 x 107 m's 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 


Contact Us : 9990382567, 9717373074, 8285815185 


QUANTA CHEMISTRY CLASSES |Electrochemistry and conductance(Sol.) 
^ — -—9Xisl5582 ыы =: 


Correct answer is (1.55) 

28. fon = 0.72=ү, Caf, > Ca^ + 2f 
1028 = х=1у=2 
(у) = узу > (y4) = (0.72)! (0.28) 
(у.)’ = 0.056448 = y, = 0.387 = 0.39 


Correct answer is (0.39) 
29. — 1,—300 pA at concnetration “С? 


С'’=С+0.1 I, = 900 uA 


«С 
I, 1, C-«01 900 C+01 3 С-01 C C 2 | 


Correct answer is (0.05) 


GATE 2018 


OF OF AS 
30. AS=nF| = | > || = 
Р Р 


ôT ОТ), nF 
Correct option is ( ) 
31. О,+2Н*+2е > H,O, E,=+0.70V AG, — -n FE, ...(1) 
H,O, + 2H' + 2e > 2H,O E, =+1.76¥ АС, = ot ЖЕ, (2) 
О, + 4AH' + 4e 5 2Н,Ог E =? 440) 
On adding (1) and (2), we obtain equation (3) 
32. С-001М A = 64.4 Sem mol"! 
£ 
AA 0.4 cm! 42-350 л = 410 Scm? mol”! 


А” (HX) = 350 + 410 = 760 Scm mol! 


СА? 
Қ. Ағ (Ағ-А,) 
Ё 0.01х 64.4 x 64.4 


я 760х 695.6 
pk, = -log К, =-108(7.845 x 107) = 5 – log 7.845 


= = 7.845 x 10? 


pk, = 4.105 


= AG= AG, + AG, 
nFE = n FE, n FE, 
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QUANTA CHEMISTRY CLASSES |Electrochemistry and conductance(Sol.) 


nE =n E, tnb, 
(2x0.7)-2x(1.76) 1.4-3.52 
Е- 4 = 1 = 1.23 V 


Correct answer is (1.23) 


GATE 2019 


33.Sol. M(s) | MI,(s) | MI, (aq) | M(s) 


о 0 0 
Anode: М-2Г-» МІ, +2е Ecen = E umr + Е нм 
Cathode: М?* + 2е- > M = 0.36 — 0.12 
M?* + 2F > МІ, = 0.24 У 
Using 


АН°= -nF(E?-T.T) 
= — (2)(96500) [E° — 298 (1.5 x 10-4] 

= (2 x 96500) (0.24 — 298 x 1.5 x 10-4) 
--37.693 kJ mol"! 


GATE 2020 


34Sol.; CuSO, > Cu” + SOF 
activity = (m.y, (m.y) 
activity = m^y? 


35Sol.: Ag | AgBr(s)| Br (a = 0.20), Си” (a = 0.48), Cu* (a 20.24) Pt 


Anode: Ag(s)-- Br (aq) —— АеВг(ѕ=)+ е7 
Cathode: Си’ +e — Cu* 
RT [Си | 
E | E. 1 
cell cell nF 05 | Си” | [Br | 
0.087 20591, — (024) 


1 (0.48) (020) 


> Е. =0.058 V 
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36Sol.: Cyclic Voltammetry Potential Waveform 


— 
e 
B 
g 
(5) 
ә 
o 
[m 
[5] 
.-ң 
ыг 
о 
<S 
ms 
e 
O 


GATE 2021 


37501. Applying Faraday law 
w-ZIt 
mass of Ag* deposited as Ag (Аср +e Ag) 


= OT? X0710x 60 


х 
- 0.469 g 
Similarly for Cu” dissolve using and are charge 
W=Zx It 


М = 25x 0.710% 60 Cu $ Cu + 2e- 
—0.138g 
Correct option is (c) 

38Sol. Charge- Ixt 


= 1.5 x 2 x 60x 60 sec 


=3 x 60 60 
= 10800 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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QUANTA CHEMISTRY CLASSES 


An institute of Chemical Sciences 


SOLID STATE 


GATE 2005 
1. Conduction band is empty in solid sodium chloride 
Correct option 1$ (b) 
GATE 2006 
2 _ ИМ 
| Р Маз 
1/3 1/3 
7М (2х137.3) | ый 
=| = = = x p 
а Np 6.023x10? x 3.62cm? | 
-8 
_ а\3  501x10*x1.7325 _ ere 
4 4 
Correct option is (d) 
3. The arrangement of sulphur in zinc blende and wurtzite structures, are cubic close packing and hexagonal close 


packing respectively 
(Correct option is (b) 


GATE 2008 


> 


сл 


© 


23 


Lattice parameters formonoclinica + b = с> а= В = 90° ; ү 
Correct option 15 (*) 


As a result of this defect some of the Ni” ions oxidise into МІ” ions and decrease the dficiency of electrons and 
semiconductor will be p-type. 


Correct option is (c) 
Sol: 2 
= В 2d = : 
1/2тпеу, nin 42me У 
h? h^ 
=> 2meV ain “2 => Van = 272 
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QUANTA CHEMISTRY CLASSES |Solid State(Sol.) 


6.63x107* x6.6x107* 
7 4x351.8x351.8x10 ^ mx2x9.1x10?^ x1.6x10? 


_ 6.63х 6.63 «10° — 
14415942 


Correct option is (d) 


GATE 2009 
8. 2d sin Ө = nA; 3 x d x sin 1587 = 1 x 1.54 x 10 cm 


z 1.5410 "cm, 1.5410 “ст 
2x51nl5.87 ' 2х0.27 


1154х10* 
d= 2222 UD 585x105 cm = 2.85 x 107 x 102 mtr = 2.85 x 10-09 mtr = 2,84 Д=2.85 


154 
Correct option 1$ (b) 
7 
9. 
Basic set = 3 
X 

1 Cartesian coordinate 

С;, Е с, o, o, 

RR.|3.-1 1 1 

Correct option 15 (d) 
10. 


Су 


In asymmtric stretching C, is absent only molecular plane is present. So, irreducible representation corresponding 
to B,. 
Correct option 15 (b) 


GATE 2010 


11. The electric configuration of Mg—3s? 3p?(Ne). The energy gap between 3s and 3p is small hence they the 3s 
orbital and can overlap with 3p orbital band. So, pertubation from 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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Зр empty band 
overlap band 
3s 
occupied band 
(valence band) 


filled valence band to empty conduction band can take place, making magnesium conductor. 


Correct option is (c) 
GATE 2011 
12. In semiconductors there appears an impurity band between valence band and cnductivity band. 


In n-type of semiconductor the impurity band contain electrons while in p-type conductors impurity band 1s 
empty. 
But in both case the impurity band show bridge between valence band and conduction band. 


Impurity Band 
(with electron) 


Correct option is (a) 


GATE 2012 


13. For FCC h, К, | should be all either even or all odd. 
2d sin 0 -nÀ = 1X {considering first order of reflection} 


24 __sino=2 > sind=—Vhe +k? e 
Jh? +k? + 2 2а 

0 will be minium for (1 1 1) 

Correct option 1$ (b) 
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QUANTA CHEMISTRY CLASSES |Solid State(Sol.) 


GATE 2013 


14. A crystal has the lattice parameters а + b + cand a = p = у= 90°. The crystal system is orthorhombic. 
Correct option is (d) 


E 4.20 
15. d=" 1414 =2.97 


Correct option is (b) 


GATE 2014 


it _ZM _ 2х96 _ 2х96х10* _ 
р қаз” 6.023x10? х0.314х0.314х0.214х1077 mtr? 0.1864 


Correct option is (10137). 


GATE 2015 


17. Frenkel defectis an anion vacancy anda cation interstitial 


Correct option 15 (b) 
a a a 
тото шл 
Correct option 18 (d) 
19. Whencrystas of sodium chloride are hated in the presence of sodium vapour they turn yellow due to the formation 


of F-centres. 
Correct option is (c) 

20. p-type semiconductor formed by doping Si with B 
Correct option 15 (d) 


GATE 2017 


21. In Mg valence 3s is fulled and it overlaps with empty 3p concution hand 
Correct option 1$ (d) 


һә 
ы 


For NaCl, numbe of formula units for unit cell 
Z=4 > FCS >F 

CsCl, Z = 1 > SCC >P 

Na = Body centre + Edge centre 
7-Ма"-1х1-12х(1/4)-1-3-4 

Cl = Corner centre + face centre 

Z-Cl =8 х (1/8) +6/ (1/2) =1+3=4 

Cs = body сеше-1х1-1 

Cl = comer = 8 x (1/8) = 1 

Correct option 18 (b) 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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САТЕ 2019 


23501. Ans. (b) 


ГА ПИРА e CI — SCC > i.e. СГ at 8 corner 


Е © С —› at cubical void 


ANE 


Generally, people consider it as BCC/since they assume that atoms/ion are at 8 corner and at Body center. But 
this is not true. 


CsCl has SCC or premitive lattice with Cs* at cubical void. 


This is proved by structure factor concept. 


GATE 2020 


24Sol.: nà = 2dsin Ө 
_ A 1.54А 
2sinO  2sinl6.8 


d- 2.66 А 
For cubic crystal system, 


жа iHd. y 
Nh? + К? + £P 
a=2.66V1+1+4+1 


а= 4.61 А 
25Sol.: Density of AgX = 6477 kg/m? 
а= 577.5 pm 
АРХ crystallizes in rock salt str. 
So, 7-4 


dik = 


_ ZxM 
P а? х Ма 


4xM 
a CÓ EIE 
(577.5) х (10?) x6.022x10 


10?x6477x1.15x10 x10" — 
4 

= 186.2 g/mol = M(AgX) 

As atomic weight of Ag 15 107.87 g/mol 

So, atomic weight of X is > 186.2 —107.87 = 78.33 g/mol 


M 
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10 


GROUP THEORY 


GATE 2006 


к-і 


C, (axis) | reflection o = 52 


Correct option is (b) 


р 


In C, point group character table 
А >A, 

A ХА, =1 1 
Correct option is (d) 


-1 


Е 16: 
| 3C, (axis) 
B 36, (plane) 
pd У 
Е Е 19, (plane) 


(95) 


Correct option is (а) 


A IIIA = 162 
[Rz] —> not allowed 


GATE 2007 


> 


(-х-у-2) 
Correct option is (d) 


H F 
M >. 2” 
кү 
F H 
Trans 1-2 difluroethylene 


ол 


S, operation оп a molecule with axis of rotation as the z-axis inversion occur 


Molecule having С, point group. Distionct symmetry operation E C, o, 


Correct option is (b) 


D 


Number of irreducible representation is 4, 
А,В,А,В 

g b u u 
Correct option is (d) 
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QUANTA CHEMISTRY CLASSES |Group Theory(Sol.) 


7. Е 


Correct option is (d) 


GATE 2008 


8. Point group of NSF, 


N 
1 


5 
n di | a One C3, 36,, Сз, point group 
F 


9. For the Td point group, 


Та | Е 8C, ЗС, oS, 6o, 


ГӘН ode 1.2 
4.10 e ТЕ 8l 
Em: eo Orc 05 0 
T. |3 es ye seg 
Tulse 4%: їй oss 7 


Two three dimensional irreducible respectively 
Two one diemensional irreducible respectively 
One two dimensional irreducible respectively 


Correct option is (b) 


GATE 2010 


| 
10. "СЕ Е [One C2, 20, hence, С, point group] 


F 
For C, point group, four irreducible representation 


Correct option 1$ (b) 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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САТЕ 2012 
C(b) 
11. 
Maid с.(а) 
C,(b) Cia) 

na) Са) 

с) C.) 

Eclipsed form Staggered form 


Symmetry operator of the four C, axis perpendicular to the principal axis belong to the same class in D, 
Correct option 1$ (b) 


GATE 2013 


12. СН,-С-СН, 
C, * 2C, * 2c, + 16, point group (D, point group) 
Correct option 15 (d) 


13. In BF, ‘В’ is sp? hybridised and there is В-Е “л? back donation, due to which B—F bond order increases and 
hence bond length decreased. B—F bond lengthis 130 pm. 


Also BF, is trigonal planar. 


In BF; (tetra fluoro borate) ‘В is sp? hybridised and there is no back donation. Hence B—F bond order is one. 
[ВЕ] perfect Td. 


E, 
, : В c ы 
227: N Е The B-F bond length is 145 pm. 
©. p 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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QUANTA CHEMISTRY CLASSES | Group Theory(Sol.) 


Correct option Is (a) 


GATE 2014 


14. Number of C, axis in CCI, is3 


СІ 


ace 
С 
Та- 20; axis 


GATE 2020 


15801: C» |Р 26; 36 
A |1 1 1 2 х? +у?,2° 
А, |1 1 -1 |R, 
E |2 -1 0 (x. y)(R,.R, ) (x? -y^,xy)(xz. yz) 
Г |12 0 2 


Na, = .1.12+2.1.0+3.12] -3 


1 
Na, = [1.1.12 +2.1.0+3(-1)(2)] =1 


Ne = 5[1.2.12+2.(-1).043(0)(2)] =4 


Total modes = 3A, +A, +4Е 
Translational = ~*~, -Е 


Rotational = 2229 -Е 


Vibrational = 2A is 2E 


So, Raman active modes are 2A , + 2E. 


GATE 2021 


16. Sol : ? 
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QUANTA CHEMISTRY CLASSES 


An institute of Chemical Sciences 


PHYSICAL SPACTRA 


GATE 2005 

1. Resonant frequencies for ЕРЕ and NMR are radio frequency and microwave region. 

Correct option is (c) 
2: rotational transition А] = + 1 

vibrational transition Оу=<=1 

NMR spectroscopy Ат == 1 

Electronic transition АЛ = + 1 

Correct option is (с) 
3. Mercury arc is not excitation source for IR spectrometer. 

Correct option is (d) 

GATE 2006 
. 1 

4. Zero point energy = 2 hv 

PERO CERES 07 -| 2558 над" LS LE ace 

2n үн m +m, (35-35 
-1 

1 Rap 1 {23800 ә 

2 2x3.14,183X 35 „1 67107 kg = 14.4 х 10?! J-sec 

Correct option is (b) 
5. CO, —> microwave inactive 


SF, — rotational microwave inactive 
H, — rotational infrared inactive 

HCI — rotational microwave active 
Infrared active, rotational Raman active 


Correct option is (c) 
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QUANTA CHEMISTRY CLASSES 1рнузсді5ғаствАбо[) 


САТЕ 2007 


6. 


For p branch in the rotational vibrational spectra 
AJ = —1, Ду = +1 
Correct option is (с) 


GATE 2008 


x 


ОО 


ry B, 
0 Во 


ini прозе |ы 
% change in internuclear distance is 
0 


h Be di 
В, = $c B, 1 
B, on 
B, 7 0 n 
n Вв Lodi b КҮТ 
Г В. g 1.9 ст г | 


Correct option is (а) 

©, [1 - 2-Xe] > 2144 сп! AL) 
20. [1-3 Xe] > 4262 cm! siat) 
0,—2 0, Xe = 2144 cm! 4199 


20,-60,Хе-4262 cm '...(4) 
Equation (1) multiply (3) and substract from (2) 
30, -60, Хе = 6432 cm-1 


20, — 600, Xe = 4262 cm ' 


©, = 2170 ст" 
©, =2170 cm" 
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QUANTA CHEMISTRY CLASSES [PHISIALSPACTRAGoL) 


Energy 


®.[1-2Хе] 


Fundamental transition at 2170 cm"! 
Correct option 1$ (b) 
9; Anharmonicity constant, 
we 1-2 Xe] = 2144 cm! 
=> 2170[1 2 Xe] = 2144 ст" 


1—2хе]= 2144 0088 
И 72 


— 1-2Xe-0.988 
— —2Хе = 0.988 — 1 


0.012 
=> —2Хе=- 0.012 > Хе= 5 = 0.006 


Correct option is (c) 


GATE 2009 


10. For Н,, у= 4403.2 cm” ; For L, y 4214.5 сш = 300 K 


п, g, - 

2 _ 52 ,-Ав/кт 
We know that, — =— © 

п 8 
n, 17 m A. ud 
2 = -ek => =e kT (1) 
n, 1l n 


E 6.26x10 7^ Jsec x 3x10! cm/secx4403.2cm ! 
1.3810 7 J/Kx300K 


n, 
For HY е 
1 


= елі „-2114ьа101 == е 21.14 == 6.75х10):10 = 7 x 10-9 


_ 6.626х1075х3х1019<214.5 


" -1 
For L, е 1.38x10 2x300 — 671029107 _ 6129 _ 0.298 ~ 3x10"! 
Correct option is (b) 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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19223.707 cm ! 


п. 19227.238 


19230.769 


4В 


4B = 19230.769 — 19227.238 

4B = 3.531 

B = 88275 cm! 

B = 0.88275 cm! x c = 0.88275 x ст! x 3 x 10? cm/sec 
= 26.484 x 10? Hz = 26.484 GHz 


GATE 2010 
ЕЕЕ yc 1.38x 10 х 300 1 
2hcB E 2x6.6x107 x3x10 9 x8.5 _ 5 
1.38x3000 4140.00 4140 4140 
= без -2 2 ШЕТТЕН 2 ( 139, 645. 2 13360 


1 
112.29 73735-05-3 


Correct option is (b) 
ТЕРКЕН АУ Лу Ма. o % : : 
15. 1 АТ 2 T TAT Ду, Ду, = 5:1 width ratio 
T, AK = 1.5 
Lifetime ratio 
Correct option 1$ (b) 
GATE 2011 
14. The region of electromagnetic spectrum employed in the electron spin resonance (ESR) is microwave [3 x 1019 
—3 x 10? Hz] 
Correct option 1$ (b) 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
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QUANTA CHEMISTRY CLASSES А SPACTRANSOL) 


13. 
One С, axis, oine б,, С, point group 
Correct option is (с) 

16. AE=v=0tov=1 
AE = hv (for SHO) 
hv injoule 
hv у — vV 1 |К 
hc c c 2лсүн 
Wave number 


1 8x10 N.m^ 1 8x10°kg mtr пиг 
= б cm / sec -26 = 10 25.5: 
2nx3x10 2x10 ?kg 2лх3х10 cm/sec | 2x10 "sec kg 
_ 1 1 [8x10 
2х3.14х3х10'°ст /вес sec V2x10 7? 


14 
Б 2х10 ааа МИ (Ae 
6х3.14х10 9.14 


Correct option is (с) 
17. 1-0 to 1-1 


2B-B- 
8r Ic 


2xh < 2х6.6х102* J.s 
8 с 8x3.14x3.14x2x10 75 x3x10 ст / sx 100x107" mtr x 100 x (—1.2)mtr 


2х6.6х10° —— 2x6.6x10 1320 _ 


К OSAMXiMxIXG — 452 a 
Correct option 18 (b) 
18. | Intensity is proportional to the polarity of bond moe polar bond more intense 
о Н more polar 
19. | A20491 cm” laser line was used to excite oxygen molecule because molecule made '°О only because molecule 


have spin zero. In the spin zero molecule even J line are missing in Raman spectrum. e.g. О„ СО, 
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QUANTA CHEMISTRY CLASSES 7 [PHYSICALSPACTRAGoI) 


20. 


20490 cm” 
Rayleigh time 


20479 


< 8B 4 8B ;10B 108 | 8B з 8B s 


Stock time Anti stock 


Rotational constant B = 20491 — 20479 = 12 

10В= 12 

B= 1.2 сш" 
The next rotational stoke time 1s first stokes time in 20479 
Second time difference is 8B 

В= 1.2 

8х 1.2 =9.6 
So, second stock time is 20479 — 9.6 = 20469.7 спа". 
Correct option 1$ (b) 


GATE 2013 


21. 


For harmonic oscillator every band gap is hv.. 


Бу = 2885 cm-1. 


1 
Zero point energy of HCI molecule 2 hv 
1 -1 
—x 2885 cm 
2 
1 
For joule, i 2885xhxc 


1 
T^ 2885 x 6.6 x 10—*x 3x 1022.8 x 1079 J 


Correct option 1$ (b) 
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QUANTA CHEMISTRY CLASSES [PHISIALSPACTRAGoL) 


GATE 2014 


22. Number of IR active vibrational normal modle of CO, 
о—с— О о—с— О==С==О bending active 
Symmetric Asymmetric —— : 1 
TR- inactive ЇЕ inactive | C——O bending active 
Correct option is (c) 
GATE 2016 


=— 


(1) о=—=с=—=о Symmetric stretching ІК-іп active 


(1) o——c—0 Asymmetric stretching IR-active 


| | 


(ii) О CO 
| 


Correct option are (11) and (iii) 


Bending IR-active 


Correct option is (d) 


GATE 2018 


Ie. Ж». 
24. Е,.=ВЈ(7+1) + ЦЭГ - ан WX, 


1 n 
11493.6 cm! = fa) 2998.3 cm! — д + 2998.3 х 0.124 


7 7х7 
1493.6 ст! 9.7167 (J +1) 5 x 2998.3 cm! — х 2998.3 х 0.0124 


1454.99 = 9.716 J (7+1) 
1(1-1)-149.7 


+ 4b? – Дас 


12+] 149.7 = J= шин EE >J=11.77 = 12 
а 
Correct option is (12) 
_ JH*?CI 2 2B > 635x10" Hz 
25. Spacing КЕШЕ. 
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QUANTA CHEMISTRY CLASSES 


| PHYSICAL SPACTRA(Sol.) 


h 
2x— 
h Ba 2816 
В = 8л]. Bs h 
87:1,С 
Bua 2 6.35х10!! 
Bpa =2 14:58 45 2.14 DG 244 о > Ве = 2.95 х 10! Hz 


САТЕ 2020 


26Sol.: 


27Sol.: 


Given; change in quantum no. from 
J-1toJ-2 

So find, pure rotationa spectra of No molecule 

We know that 


2 


= лар in Joules 


in cm! 


B 


B ж Hh 
hc 8т'1йс 8л1с 


апа also 


АЕ |, -(2(244)-Ц-40 5 


hc 


AE, > 2 4В = 681 ш ог 6:81 cm! 
hc hc 


Correct answer is 6.81 сш! 

Given: No interaction between vibrational and rotational energy lavels in HF. 
To find: frequency of R-branch line originating from J — 4, in its IR spectra. 
Also given 

Rotational constant of nf= 19.35 ст" 


V, = 4138.52 cm ^ 


We know that selection rule for R-pressur is AJ = +1 


021 


2B 
в в] [ов 


10В 


192 293 324 4-55 


So 


Vo 
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QUANTA CHEMISTRY CLASSES 7 ІРНҮІСАЗРАСТАА5О, 
Уа = V; * 10B 


= 4138.5 + 10 x 19.35 
V-45 = 4332.02 ст" 


САТЕ 2021 


28501. v = 2309 ст! 


2 1 {k 
у ( сп! ) = Элс E (К = face constant, u = reduced mass of HI molecule) 


_(127x1)10% kg 1 
р 128 М, 


127 
Е" 
H= 128 5 


A 
=(2 x 3.14 x 3 x 10? cm sc- x 2309 ст!) х ps ?' x 1.66 


= 311 Nm! 
5 n-BuLi 
)-Me и T 
29Sol. S аа! 
О 
yan 4 
= yi ui Me 626 Р » ғаға Xylene, ыг ан 
S < Me О syn elemination 
CS Ph 
S 5 S еі 
CXS Х 
S Me SM 
сон 
29 , CdCO, 
( 3 UY 
S Me 
Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 [о 1 
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SOLUTION 


GATE 2013 
8T IK 
1. а сң: 9fothomo-2 
Ш 8х3.14х3.14х7.5х1077 x1.38x10 ? x 500 
2x6.6x107* x6.6x107* 
—23 
" 8x3.14x3.14x 7.5x1.38x10 <10% x500 = 816.37 E 4088185 — 4691.7 
2x6.6x6.6 7 87 
Correct option is (4691.7) 
GATE 2014 
2. "quo 
с (вһаре) М 


The slope ofthe plot increases with increase in temperature 
Correct option is (a) 


GATE 2015 


3. For an ideal solution, 
Аа <9 ANV =9 
A S * 0 A = 0 
Correct option is (b) 
4. Р, = 2%2 х 10° Nm”; P, = 1 atm = 1.0bx 10? Pa 


T, =293K; T,=? 
Applying Clausius Clapeyron equation 


P,) -АН(1 1 
fn = 
Р) RT Т 


A 1.01х10° | -41000(1 1 
2.02х10°) 8.314 (Т, 293 
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Е 


(п 50 =—4931.441 БЕ) => T, =381.73К 


2 


Correct option is (382 to 385) 


GATE 2019 


5501. Т =350 К, P, = 760 torr 
T, = 300 К, P,-? 


AH vap =30000 J шог” 


Using Clayperon equation 


P R| TIÉ 


Р, КЕ 
= ПЕРА о RAGA 
760 8.31 [300х350 


P, = 136.32 Torr 


САТЕ 2020 


6.Sol.: Given; 
Ісгийоп sucrose Pure water 
Т= 30°С Т = 30°С 


Vap. Press =31.207 wittig 
5 = 1.1256 g/mol 


V.P. 2 31.824 wittig 
activity со =? 


То find: activity coff. of water in given for we know that 


aac Observed cA igat Wy prop 
Calculated colligatie prop 


Observed colligative prop (vapour press.) = 31.207 wittig and 
Calculated colligative prop = (1 — x) P, 


: . n 
Wherex is mole fraction — ! 
n, +1, 


and P, is achiral vepour press. = 31.824 wittig 
Now 


n, +n, 


given that 1M, icrution of sucrose. 
ге. 1 mole in (aqueous) it so n, = 1 mole 


and n, i.e. no. of moles of water 
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QUANTA CHEMISTRY CLASSES 7 50559 
. . mass 
Also density — D 1.1256 g / mol 


i.e. 1 ml contains 1.1256g water 

1000 ml contains 1125.6 g water 

and molar mass of sucrose is 340.3 g/mol 

So achiral weight of water in (1 mole о) polution is given as 1125.6 340.3 g. 


Pressing values we get 


-(1-хур, С = 2563034) 
10 


1 
z|i--—:»589-545 9955 
ты 


18 


Calculating this we get the answer as 1.003. 


GATE 2021 


7.Sol. Vapour pressure oftoluene in 0.13 atm 
Molar mass of toluene = 92 g /mol 


926 
Mole in 92 g oftoluene = 92g / mol -1шо! 


Butthe molar mass of hydrocarbon be xg/mol 
| ‚ 6 
Moles іп 6g of hydrocarbon is 2 то1 


Now P? 


toluene 


-013 Д 


toluene 


20.12 


Relative covering V.P. = mole fraction of hydrogen carbon 


6 
Rouen 1 шат = X 
PA aone 6 +] 
X 
0.13-0.12 6 
0.13 бух 
001 6 
0.13 6-х 
= (0.01) (6 +x) = 6 (0.13) 
0.06 + 0.01 x = 0.78 
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QUANTA CHEMISTRY CLASSES 


8.Sol. 


9.Sol. 


0.01 x = 0.78 — 0.06 


_ 0.78— 0.06 
|. 0.01 
х = 72 g/mol 
VP? = 0.198 atm УР? — 0.06 atm 


Hexane Heptane 
In section of IL, 4 mole of hexane and 6 mole of Heptane (6M) are there. 
VP; 


Hexane 


xmole fraction of hexane in solution 
P 


total 


Mole fraction ofhexane in vapour (Y ,) = 


МУР хас X Mole fraction of heptone in solution 


Mole fraction of hexane in vapour (У ,) ^ P 


total 


Dwide (1) and (2) 


0.198x 4 
_____10 


0.06 - 
10 


- 525 
У 


В 

ЕО. 
also Y, - Y,-1 

2 Y Ice 

3.2 ёл 

mE 
% 22 

= 0.3125 
У, =0.688 = (0,3125 2.2) 
Correct option is (d) 
À = 532nm 


Rayleigh 
E 1 2 
Ма 532x107 


Ук -18796.99 cm" 
First stokes line = V} — Vp 


= (18796.99 — 560) cm! 
= 18237 cm! 


(1) 


(0) 
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|Solutions(Sol.) 


C. 


QUANTA CHEMISTRY CLASSES 
An institute of Chemical Sciences 


13 


PHOTOCHEMISTRY 


GATE 2005 
1. 47ppm = 47 mgL" 
47 x10? 
F.W = 225 >п = 95 ^ 0.2088 x 10? = 2.088 х 10^ mol L“! 
I 
Т-т =0.297 g=15cm 


log a --ЕСІ 
I, 


log(0.297) =-=х 2.088 х 10% x 1.5 
g = 0.1693 x 10* = = = 1.68 x 10° 
Correct option is (c) 


GATE 2015 


2. %Т = 39.8 С=8х 10° М 
= Т=0.398 (=1ст 
А= Іов Т; А = є Cl 
А 0.4 


Є = 


Cl. 8xl0^xl = 0.05 х 10°; є = 5000 


Correct option 1s (c) 


GATE 2018 


—912 
12mM -cm 


A 0.144 _ -144 
(E Jaso nm = cl 9х10° х1 9шМ-сш 


(95) 


е, ев ян 


0.765 0.168 
СЕ, Јев пт = 9mM — cm (Е ) 


y^ 520 nm = 12mM -cm 
(A) х Js E (E ) с,/ id (Е), ce 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
Contact Us : 9990382567, 9717373074, 8285815185 


Е 


QUANTA CHEMISTRY 88/7 мм 


07 0.144 1 912 i 

= Хх х | х х 

| 9mM —Icm Cx em 12mM -1сш ey 2” 
тээ 0.144 1 0.168 А 

77 м С 15 с, ...(Т) 


Similarly from 520 nm data for mix 


0.765 0.168 
9mM ^" 12mM “> Цэ 
From equation (1) and (2), 


0.68 = 


0.765 “07 0.144 x0.68 0.765x0.7 
"n 9mM 9mM _ 0.765х0.193 


У 0.765 0.912 0.168 0.144 12mM 
9mM 12®М 120М 9mM 


| 0.765х0.7—0.144х0.68 
оин 
0.765х 0.912 —0.168x0.144 


САТЕ 2020 


4.Sol.: А-ЕСІ 


| = 7.7967mM 


Ё 0.69 
15000 L mol сіп! x1em 


C —4.59 x 10° mol/L 
S.Sol.: Given > фе =0.4 


z, -5x10^s 
0.4 Є 
fluorescence decay constant = Lim — =8x10’s" 
2, 5х10 s 
5о,у-8 
САТЕ 2021 
Ener 
6. Sol. Power = — 87 
Time 
E = power х time 
=1х 10° watt x 1 x 10? sec. 
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QUANTA CHEMISTRY CLASSES | PHOTOCHEMISTRY(Sol.) 
Аа ССС  — 
Е = 10^? Joule 


6 
Energy ofa photon = h X 


|.6.626x10 7! x3x10* 
400x10?^m 
let the total photon he N 


N x energy of single photon = Total energy emitued by comp (in a nano second) 


m/sec 


,, £626 x10 x10" x3 


-1079 
400x10” 


=N 
t. 1075х400х10” 
~ 6.626х107 x3 x10° 
N = 20.12 x 10? 
= 2012 
7. Sol. According Lambert — Beer law 
Absorbance = Ex C x / 
E = absorptivity coefficient 
C = concentration (molar) 
L- path length 
А = 1710 x 2 x 10? mol/L x 10 cm 
— 3420 x 10^ 
А = 0.3420 


I 
log = 0.3420 А = 108 Gal 


I, 54 2.197 

Reduction in intensity = I, —I 
-[x2.197-1 
= 1.971 


1.1971 


% reduction = х100 


1.1971 
2.1971 


= 54.4% 


х100 
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QUANTA CHEMISTRY CLASSES 
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GASES 


GATE 2006 
1. According to kinetic theory, the gas particles have same mass but negligible volume compared to volume of gas. 
Correct option is (a) 
2. Fugacity cannot be zero for gas 
Correct option is (a) 
3. One mole each of H,CO,, NaHCO, and Ма20, are added to water to prepare one litre solution. The pH of the 
solution is (Hint: pK, —6.4and pK, = 10.3) 
pK, *pK, 
p acm e 
Р 2 
pK, “рК, _ 6.4х10.3 
Н = | == = 8.31 
p 2 2 
Correct option is (b) 
4. Molality = 2m, for water К, = 0.512 
АТ, = kbm 
АТ, = 0.512 x 2 = 1.024 > ТТ, = 1.024 
Т, = 101.024°С 
Correct option is (b) 
GATE 2008 
1 1 10?" 
5. À = 27 20 : «107 
№2 па? 42xLb10? 42 
Correct option 1s (b) 


GATE 2011 


v | 1 2 
6. Kinetic gas equation, РУ = 3 mN,.u 
1 22 1 2 = 
PV = -mN,u х= == №, =ти == М,Е 
3 23 2 3 
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QUANTA CHEMISTRY CLASSES | Gases(Sol.) 


р = ZEN, | 
3V 
Correct option is (c) 
GATE 2013 
Te V oa 4. 
2 176 
пы, = 5 -Imol Neo, = Ga =4 то! 
П ы = 5 Mol Т-300К 
Pos у V otal E n, RT 
5x0.0831x300 
Е и 31.1625 


1 
PP, Se OP г. 31.1625 = 6.2325 Баг 


2 


Correct option is (6.2325) 


GATE 2014 


8 v = \ RM у Ms 
4 
Ун, 42 Ун, 
> m > = 1.414 
Уне 1 Уне 


Correct options (1.4 to 1.5) 
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QUANTA CHEMISTRY CLASSES 


An institute of Chemical Sciences 


ANALYTICAL 


к-і 


N” 


(95) 


САТЕ 2005 
Current efficiency is not related to polarography 
Correct option is (d). 
n-2: MUT2*—5M 
1,=7.5НА 


0.0591, [M] 


Е=0.615;1= 1.5 АБ ЕЕЕ = Р [M] 
0.0591 I 0.0591 1.5 
= Е 1 > – 0.615 = Е 1 
сил ЖЕ = цан нэ 
=>- 0.615 = Е„+0.01779 = E, ==0.63270 
Correct option is (d) 
(*) 


GATE 2007 
GATE 2012 


Mole of Ca* will be 
Molarity of Na,EDTA х volume of Na,EDTA 


lA, УР mol 
= x = 
1000 


= 0.001 x 2mL = 0.001 x 


1 mol CaCO, IE of CaCO, 


1 mol Ca?* 1 mol CaCO, | х2х 10% 5 of CaCO, 


Now, 2 х 10% mol of Са?” = | 


=2 x 10* g of CaCO, 


2x10 ^g 2x10" 
volume . 10 mL 


Thus, concentration of CaCO, = =2 x 10° g/mL 


Correct option is (d) 
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C. 16 


QUANTA CHEMISTRY CLASSES 
An institute of Chemical Sciences 


LIQUID SOLUTION 


GATE 2007 
1. Sol:(*) 
GATE 2011 
2: Depression in freezing point 
AT —Lkx 
Glucose is non electrolyte i= 1 
k,— 1.86k (mol/kg)" 
. moles of solute 0.01 
Мо]аШ (т) = ———7— — = 20.01 


mass of solvent in kg 1 


АТ, = 1х 1.86 x 0.01 = 0.0186 
T,—0— 0.0186 -- 0.0186 


Correct option is (d) 
3. At NTP concentration of water = 55.5 mol/L 
п = СВТ 
Е иа са лес так 
СВТ  C,RT,'C,x298 55тх 273 
at || bar and 298K (AT NTP) 
2 10. 1 
" _ Сү 559 nl _ 10:07 +1000 | орос 
C, 155.5 1000 
Correct option 15 (a) 
GATE 2012 
DH 1 1 ОН. 1 1 
—(n(x,), = А ;-On(x,), = — В 
Hs we R Е Tx | в): R E as | 
рН, |1 1 
nog R JE Т. 
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hal L 1 | раа Ера 
R T T R T, Т, к Т, Tn, 
=е e ml э 4lļl-x, =e ма хе А 


correct option is (d) 
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